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Preface 


Islamic science, which is taken in this work 
to include disciplines concerned with the study of 
the cosmos, embraces a wide spectrum of intel- 
lectual activity, from the study of plants to algebra, 
carried out over more than a millennium by many 
races and peoples spread over the middle belt of 
the earth from Spain and Morocco to eastern 
Asia. Because of its traditional character, this 
science is not limited in scope or meaning as is the 
modem discipline with the same name. The 
Islamic sciences, even in the more limited sense 
considered here, which excludes the religious and 
many branches of the philosophical sciences, are 
concerned at once with the world of nature, of the 
psyche and of mathematics. Because of their sym- 
bolic quality, they are also intimately related to 
metaphysics, gnosis and art, and because of their 
practical import they touch upon the social and 
economic life of the community and the Divine 
Law which governs Islamic society. Considering 
these factors, it becomes evident with what a vast 
subject the student of Islamic science is faced and 
why as yet no complete study of the subject has 
been carried out. 

Its extensive inAuence upon the Latin and 
Renaissance West has, since the eighteenth cen- 
tury, caused numerous studies in European lan- 
guages to be devoted to the various facets of 
Islamic science, studies of which a complete bib- 


liography has been made for the first time only 
recently (S. H. Nasr with the collaboration of 
W. Chittick, An Annotated Bibliography qf hlamic 
Science). To this must be added the not incon- 
siderable amount of writings in the Islamic lan- 
guages themselves. Nevertheless, a great deal of 
the subject remains unknown, and throughout the 
libraries of the world there are numerous treatises 
on the Islamic sciences which have never received 
any attention. 

Basing themselves on the available results 
of research carried out so far, several scholars have 
attempted to write histories of Islamic science, in- 
cluding the classical reference work of G. Sarton, 
An Introduction to the History of Science, A. Mieli, 
La science arabe et son rdle dans rholution scien- 
tifique mondiale, and more recently the works of 
F. Sezgin and M. Ullmann. There is also the work 
of S. H. Nasr, Science and Civilization in Islam 
which combines a historical and morphological 
study of Islamic science with selections of actual 
Islamic scientihc texts renderedinto English. 

The present workis, however, the first ever 
written on Islamic science in which the study and 
analysis of the texts is combined with illustrations 
from sources throughout the Islamic world. It is 
written on the occasion of the major Festival of the 
World of Islam in London, one of whose main 
features is the first exhibition ever organized of 

xiii 
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Islamic science anywhere and being held at the 
Science Museum of that city. It is written with the 
hope not only of providing a complete picture, to 
the extent possible, of Islamic science with appro- 
priate illustrations, but also of complementing the 
exhibition with whose organization we have also 
been closely associated. 

The perspective of this work, as of our 
other writings, is that'of the Islamic tradition. We 
have sought to present the Islamic sciences as they 
have been viewed and still continue to be viewed 
to a large extent by those who have lived, breathed 
and died, and continue to do so, within the Islamic 
Universe and who have belonged, and still belong, 
to this Universe through both their hearts and 
their minds. The work is thus in many ways a com- 
plement to Science and Civilization in Islam, which 
is also written in the same perspective but with 
literary rather than visual illustrations. 

We wish to thank M. Roland Michaud, the 
perspicacious and gifted Prench photographer. 


who is responsible for most of the photographs, 
and also Mr Robert Harding, the well-known and 
experienced British photographer, for their assis- 
tance to us in preparing most of the illustrated 
material for the book. We also wish to thank Mr 
Haddad-Adel who helped us with locating many 
manuscripts, Dr William Chittick and Mr Peter 
Wilson who read over the text and made helpful 
suggestions, Mr Colin Larkin whose talents are 
responsible for the artistic lay-out of the book, 
Mr John Knight-Smith who helped in many 
stages of the work, Mrs Daphne Buckmaster 
who edited the work and Mrs I. Hakemi who 
prepared the typescript for publication. Pinally, it 
is necessary to mention that the whole plan for 
this and other books which complement it in the 
World of Islam Festival Series was originally con- 
ceived by the Director of the Festival, Mr Paul 
Keeler. Without his aid the work for this volume 
could not have been achieved. 

Seyyed Hossein Nasr 
T ehran 
Shawwal, 1395 
October, 1975 
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Part One 

The General Background 




Chapter I 

Islam and the Rise of the Islamic 
Sciences 


No understanding of the Islamic sciences 
is possible without a comprehension of Islam 
itself, the life-giving force of a vast civilization 
one of whose fruits is the sciences. These sciences 
did not come into being accidentally among 
peoples who happened to be Muslim but were 
produced in the form that they were produced 
because those who brought them into being were 
Muslims and breathed within an Islamic universe. 

The Islamic revelation, like all major 
manifestations of the Divine Logos, not only 
produced a religion in the sense of an ethical and 
social code but also transformed a segment of the 
cosmos and the minds of those who have lived 
within that cosmic sector. The phenomena which 
formed the subject matter of the Islamic sciences 
as well as the minds of the men who studied these 
phenomena have always been determined by a 
particular spiritual ‘style’ and transformed by a 
special type of grace (barakah) issuing directly 

I. We have provided ample arguments for the organic 
relation between Islam and the Islamic sciences, par- 
ticularly those of nature, in many of our writings, argu- 
ments which cannot be repeated in an illustrated study 
such as the present one. See especially our An Intro- 
duction to Islamic Cosmological Doctrines, Cambridge 
(U.S.A.), 1964 (new edition, London, in press); and 
Science and Civilization in Islam, Cambridge (U.S.A.), 
1968 and New York, 1970. 


from the Quranic revelation.^ No serious study of 
the Islamic sciences can thus be carried out with- 
out some reference, no matter how brief, to the 
principles of Islam and the conditions created in 
time and space by Islam for the cultivation of the 
sciences.^ 

Islam, this last revelation of the Eternal 
and Unique Truth in the present cycle of human 
history, brought a message which encompasses 
all of human life, both what man does and what he 
makes. But before being concerned with doing 
and making, Islam is most of all concerned with 
what man is, or rather with how man can become 
what he really is in his profoundest and pri- 
mordial nature (Jitrah), namely, a theomorphic 
being created to reflect the Divine in all Its 
Majesty and Beauty. To achieve this end, Islam 
brought a metaphysical doctrine of the highest 
order and numerous sciences related inextricably 
to that supreme scientia sacra contained in the 

2. For a more extensive treatment of the basic elements of 
Islam, especially as they pertain to the sciences, see 
F. Schuon, Understanding Islam, trans. by D. M. 
Matheson, London, 1961 and Baltimore, 1972; 
F. Schuon, Dimensions of Islam, trans. by P. Townsend, 
London, 1970; T. Burckhardt, An Introduction to Sufi 
Doctrine, trans. by D. M. Matheson, Lahore, 1959; 
S. H. Nasr, Ideals and Realities of Islam, London, 1967. 
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inner dimensions of the ^uran, and made 
accessible through various rites and forms which 
are also of a sacred nature and derive directly from 
the revelation. The doctrine is based on the Unity 
of the Principle {al-tawhid) and the inter- 
relatedness of all that has been brought into being 
by the creative aa (the kun of the Quran).^ Its 
human complement is the doctrine of the Univer- 
sal Man 'al-insdn al-kdmil) in whom the fullness of 
the human state is realized and through whom 
multiplicity returns to Unity.' 

Upon the basis of the nature of ultimate 
reality as reAected in pure doctrine Islam has 
promulgated laws, called the Shari'ah, governing 
human life whose aim is to enable man to live in 
conformity with this Reality. It has also brought 
into being a sacred art whose goal is to reflect that 
Reality in the world surrounding man during his 
terrestrial journey. Like all integral traditions, 
Islam is thus a total way of life, aimed at remould- 
ing man’s nature to enable him to become what he 
is eternally in the Divine Presence, and trans- 
forming the manner of man’s doing and making to 
bring them into conformity with his role as 
God’s vice-gerent in this world and with his 
ultimate destiny as a being made for immortality. 

The unifying perspective of Islam has 
never allowed various forms of knowledge to be 
cultivated independently of each other. There 
has, on the contrary, always been a hierarchy of 
knowledge in which every form of knowledge 
from that of material substances to the highest 
metaphysics is organically interrelated, reAecting 
the structure of Reality itself. Moreover, Islamic 
spirituality has always been sapiential and gnostic 
in nature,-’ so that the quest for knowledge has 
possessed a particular religious aura even among 
common people in a way that is rarely found to 
this extent in other traditions. The rise of the 
Islamic sciences and their later development is 
inconceivable without the ever present spirit of 
the Islamic revelation, and the manner this 
revelation has moulded the minds, actions and 

3. ‘But His command, when He intendeth a thing, is only 
that He saith unto it: Be! {kun) and it is’ (Quran, 
XXXVI, 82; Pickthall translation). 

4. On these two pillars of all Islamic doctrine, see Nasr, 
Sctence and Civilizaiion in hlam, chap. 13; also al-Jili, 
De l’homme universel, trans. by T. Burckhardt, Lyon, 
1953 - 

5. This does not mean that Islamic spirituality has ex- 


surroundings ®f the men and civilizations respon- 
sible for the creation and cultivation of the 
sciences. 

On a more outward plane the particular 
manner in which Islam spread and the whole 
unfolding of its history are also of course of para- 
mount importance for an understanding of the 
rise and later growth of the Islamic sciences. The 
Prophet Muhammad - upon whom be peace - 
uniAed Arabia in his twenty-three years of 
prophethood. The four caliphs who followed - 
Abu Bakr, ‘Umar, ‘Uthman and ‘Ali - called ‘the 
rightly guided’ {khulajdl rdshidun) - consolidated 
the newly founded ‘world of Islam’ {ddr al- 
isldm) and spread its boundaries to Central Asia 
on the one hand and North Africa on the other. 
But the perfect norm of social and political life 
established by the Prophet was put under great 
tension and stress by centrifugal forces latent 
within Arab society and by the passions and 
short-comings of men, which had been checked 
momentarily by that blinding Divine intervention 
in human history which is Islam. 

A fall from this early period of intense 
religious fervour in which sanctity and political 
authority were combined began with the death of 
‘Ali. Henceforth the caliphate became less ‘apo- 
stolic’ and more ‘political’ in character although 
still of a completely religious nature, there being 
no secularism in Islam. The Umayyad caliphate 
following upon the wake of the assassination of 
‘Ali by a member of the Khazudrif ruled for nearly 
a century, to be followed by the Abbasids, the 
Umayyads of Andalusia, the Patimids, and 
numerous sultanates and princely states ranging 
from the powerful Seljuks who ruled over nearly 
all of Western Asia to hardly noticed local dynas- 
ties. Gradually Persia and North Africa became 
politically independent in fact if not in theory 
until with the Mongol invasion even the theo- 
retical political unity symbolized by the Abbasid 
caliphate came to an end and the Islamic world 
became polarized into the three vast empires of the 

dudcd thc clcmcnt of lovc. It is only a qucstk7n of accent, 
for no complctc spiritual path can exclude the three 
basic elcments of fear, lovc and knowledge. 

6. Thc Khawdrij opposed both ‘Ali and Mu‘awiyah at the 
battlc of Siffin and remaincd for centurics a revolutionary 
force which fought against both the Sunnis and the 
Shi‘ites. See E. Adib Salem, Political Theory and 
Inslitutions of the Khawdrij, 1957; and H. Laoust, Les 
schismesdans rislam, Paris, 1965. 
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Ottomans, Safavids and Moguls. But this pattern 
of apparent political turmoil and upheaval did not 
destroy the unity and stability of Islamic society 
protected by both the Shan‘ah and a sacred art, 
each of which in its own way enabled the Muslims 
to breathe in an Islamic universe whose horizons 
guarded a continuity that is hardly imaginable in 
an anti-traditional world. 

Meanwhile during these periods Islam 
grew geographically in a continuous manner and 
spread 'in three basic phases to its present 
boundaries. In the hrst phase up to the early 
Abbasid period the heartland of the Islamic 
world from Spain to Central Asia was con- 
quered and consolidated. During the second 
period from around the yth/i^th to the ioth/i6th 
centuries’ Islam spread, this time completely 
peacefully and mostly by means of Suhsm, to the 
Indian sub-continent and the Indonesian archi- 
pelago. And since the last century Islam has been 
spreading steadily in Africa. In fact throughout 
its history, and despite various political ups and 
downs, Islam has grown steadily geographically, 
never receding in any territory with the excep- 
tion of the Iberian peninsula, which after eight 
centuries of rule the Muslims lost to the Christians. 
But the main arena in which the Islamic scicnces 
were cultivated and developed was for the most 
part that earliest part of ddr al-isldm spreading 
from Central Asia and Persia to Spain, the land 
which has always remained, especially in its 
central regions, the intellectual and geographical 
heartland of the Islamic world, the land in which 
before everywhere else the message of the Islamic 

7. Throughout this work the dates on the left refer to the 
Islamic lunar calendar and thosc on the right to the 
Christian caiendar. 

8. Hadith in Arabic literally means ‘saying', but when used 
generally in a religious context it refers to the sayings of 
the Holy Prophet in Sunnism and of the Holy Prophet 
and the Imams in Shidsm. See Nasr, hicals L»/d Rcalitics 
oj hian/y chap. 3. 

9. When the Holy Prophet was asked how he should be 
remembered alter his death, he answered, 'Read the 
Holy Quran’. 'Phe text of the Quran, which is the word 
of God and divinely inspired in both form and meaning, 
contains something of thc trace of the soul of the Holy 
Prophet. The Hadith is, therefore, bound in a most 
intimate manner with the Quran. In fact without it 
much of the Quran would be incomprehensible. 

10. It needs to be emphasized that this has nothing to do 
with trying to harmonize the Book of God with ‘modern 


revelation was consolidated into forms and 
institutions governing human society. 

★ ★ ★ 

The central theophany of the Islamic reve- 
lation from which have been drawn the principles 
of both knowledge and action is the Holy Quran, 
to which must be added the prophetic HadithJ 
that is, the Prophet’s commentary and extension 
of the teachings of the Book of God.” The Quran 
and Hadith together are the fountainhead of all 
that is Islamie in whatever domain it might be. 
More specihcally, these sources have played a 
double role in the creation and cultivation of the 
sciences. Pirst of all the principle, not of course the 
details, of all science is considered by Muslims to 
be contained in the Quran, and there is an esoteric 
interpretation of the Holy Book which makes pos- 
sible the unveiling of its mysteries and penetration 
into its inner meaning wherein reside the principles 
of all the sciences.'" Secondly, the Quran and the 
Hadith have created an atmosphere for the culti- 
vation of the sciences by emphasizing the virtue of 
pursuing all knowledge that is in one way or 
another a conhrmation of Divine Unity. There- 
fore, a whole metaphysics and cosmolog}' have 
issued from the bosom of the Quran and the 
Hadith and have acted as the basis upon which all 
the Islamic sciences have been constructed." 
They have also created a particular atmosphere 
which has fostered and encouraged all intellectual 
activity that is in conformity with the spirit of 
Islam as reHected in the Quran and the Hadith. 
The importance of the dicta contained in these 

science' by trying to show how one verse explains the 
nature otthe atom and the other microbes. Thts sterile 
type of activity, which was common among Christians 
with rcgard to the Bible in i^th century England and 
America and which has had some adherents among 
Muslims during this century in their study of the Quran, 
stems only from an enteebled intellectual position 
and its shallowness is displayed by the specd with which 
it falls out of vogue. See S. H. Nasr, hlam a/id thc Plight 
of Modcrti Mai/, Tondon, 1976, chap. 11. 

II. This is true not only of the ‘transmitted sciences’ [al- 
'ithl/// al-//aqliyyah), with which we are not so much con- 
cerned in this book, but also of thc ‘intellectual sciences’ 
[al-'/ilu//t al-'aqliyyah), which form the main subject 
matter of our present study. On the division of the 
Islamic sciences into these categories see Nasr, Science 
a/id Civilization in hla/n, pp. 59^- ^hall also deal 
briehy with this subject in the next chapter of the present 
work. 
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Figurei.VerscsfromthcHolyQuranconcerningknowledge, ^ ^ ^ 

« TD Y « T» D » 




Pigure la. Allah! Thereisno GodsaveHim, the Alive, theEternal, Neither slumber nor sleep overtaketh Him, ToHim belongeth whatsoeveris in the heavens and 
whatsoever is in the earth, Who is he that intercedeth with Him save by His leave ? He knoweth that which is in front of them and that which is behind them, while 
they encompass nothing of His knowledge save what He will, His throne includeth the heavens and the earth, and He is never weary of preserving them, He is the 
Sublime, the T remendous. 



Pigure ib. Allah is the Light of the heavens and the earth. The similitude of his light is as a niche wherein is a lamp. The lamp is in a glass. The glass is as it were 
a shining star, (This lamp) is kindled from a blessed tree, an olive neither of the East nor of the West, whose oil would almost glow forth (of itself) though no fire 
touched it. Light upon light. Allah guideth unto His light whom He will. And Allah speaketh to mankind in allegories for Allah is Knower of all things. 
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Pigure I c. Are those who know equal with those who know not ? But only men of understanding will pay heed. 



Pigure id. We shall show them our portents on the horizons and within themselves until it will bc manifest unto them that it is the Truth. 
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Pigure 2. Sayings of the Holy Prophet pertaining to knowledge. 



Pigure 23 . The Holy Prophet has said; ‘The quest of knowledge is obligatory for every Muslim’. 



Pigure 2b. The Holy Prophet has said: ‘Yerily the men of knowiedge are the inhcritors of the prophets’. 



Pigure 2C. The Holy Prophet has said: ‘Seek knowledge from the cradle to the grave’. 
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two basic sources of Islam for an understanding of 
the Islamic sciences in their organic link with the 
Islamic religion and the civilization created by 
Islam can hardly be overemphasized, for these 
sayings have moulded the minds of Muslim men 
of leaming over the ages and have provided for 
them a source of both knowledge and inspiration. 

★ ★ ★ 

Islamic science came into being from a 
wedding between the spirit that issued from the 
Quranic revelation and the existing sciences of 
various civilizations which Islam inherited and 
which it transmuted through its spiritual power 
into a new substance, at once different from and 
continuous with what had existed before it. The 
international and cosmopolitan nature of Islamic 
civilization, derived from the universal character 
of the Islamic revelation and rehected in the geo- 
graphical spread of the Islamic world {ddr al- 
isldm), enabled it to create the first science of a 
truly intemational nature in human history. 

Islam became heir to the intellectual 
heritage of all the major civilizations before it save 
that of the Far East, and it became a haven within 
which various intellectual traditions found a new 
lease upon life, albeit transformed within a new 
spiritual universe. This point must be repeated, 
particularly since so many people in the 'West 
wrongly believe that Islam acted simply as a 
bridge over which ideas of Antiquity passed to 
mediaeval Europe. As a matter of fact nothing 
could be further from the truth, for no idea, theory 
or doctrine entered the citadel of Islamic thought 
unless it became first Muslimized and integrated 
into the total world view of Islam. Whatever could 
not make its peace (saldm) with Islam was sooner 
or later dispelled from the arena of Islamic 
intellectual life or relegated completely to the 
margin of the tapestry of the Islamic sciences.^^ 

Before the rise of the Islamic sciences 
many civilizations had come and gone and pro- 


12. See Nasr, op. cit., pp. 2iff. 

13. Recent studies have unveiled amazing intellectual and 
more specihcally scientihc achievements going back 
to the Palaeolithic period. See J. Servier, Uhomme et 
rinvisible, Paris, 1964; and G. Di Santillana and E. von 
Dechend, Hamlet’s Mill, New York, 1967. 

14. Those Hellenic and Hellenistic masters who were in 


duced sciences of various domains of reality and 
with different orders of perfection. The vast 
proto-history of science which leads to the 
deepest recesses of human history and which 
reveals with each new discovery astounding 
achievements need not concem us here.^® It is to 
the immediate predecessors of Islamic science 
that we must turn. The two outstanding river 
civilizations of Egypt and Mesopotamia had 
already produced medicine and mathematics of 
extraordinary quality before the Greek philoso- 
phers and scientists came upon the stage to 
theorize about them and to develop them further. 
Basing themselves upon this long tradition of the 
study of the heavens as well as the world of 
nature, the Greeks in tum produced Thales, 
Pythagoras, Plato and Aristotle within a relatively 
short period of less than three centuries before the 
centre of their scientihc activity shifted to 
Alexandria. There in the soil of Egypt, at the 
moment of the twilight of Greek power and the 
dying gasps of ancient Egyptian civilization, a 
new synthesis of Greek, Egyptian and Oriental 
learning was achieved leading to one of the most 
prolihc periods of the history of science, which 
produced such men as Euclid, Ptolemy and 
indirectly Galen, figures who entered Islamic 
civilization almost as if they had been Muslim 
teachers and masters.” It is important for an 
understanding of Islamic science to realize that 
the Graeco-Hellenistic heritage reached Islam 
not directly from Athens but through Alexandria, 
that Plato was seen mostly through the ideas of the 
Neoplatonists and Aristotle through Alexander 
Aphrodisias and Themistius. Alexandrianscience, 
in its combining of mystical elements with rigor- 
ous logic, in synthesizing various scientific tradi- 
tions, in basing all the sciences upon a hierarchy 
related to the ‘mode of knowledge’ and in many 
other ways, is a historical anticipation of Islamic 
science and in fact became transformed into 
Islamic science in the same manner that the 
Alexandria of Ptolemy and Origen became 
transformed into the jewel of Islamic Egypt, the 

conformity with the Islamic perspective and who were 
integrated into the Islamic intellectual universe were so 
thoroughly Muslimized that to this day their names are 
given to numerous children all over the Islamic world. 
In any Muslim city such as for example T ehran there are 
certainly more Aristotles, Euclids and Galens than in an 
Anglo-Saxon city (the modern Greeks themselves are 
of course an exception in their usage of these ancient 
names). 
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ISLAMIC 



I / \ I 

EGYPTIAN BABYLONIAN 


Pigure^. Schemedepicting the transmission of'scienceand learning t'rom the civilizations nfAntiquity to the Islamic world. 


home of such masters as Ibn ‘Ata’allah al- 
Iskandari. 

But the transmission of the Graeco- 
Hellenistic tradition to Islam was not a direct one. 
Several centuries of Christian history lie between 
the golden age of Alexandria and the rise of Islam. 
Alexandria was to become transformed into a 
major intellectual centre of early Christianity, 
then to undergo severe rivalries with other 
centres of Christian power, especially Con- 
stantinople and Antioch, and hnally to bear wit- 
ness to the death of its scientihc activity under the 
pressure of Byzantine emperors, a death which is 
symbolized forcefully by the hanging of Hypatia, 
the daughter of Heron, in one of the squares of the 
city and the burning of its fabulous libraries.^^ 
But before this tragic end the main intellectual 

15. Research during the past few decades has shown clearly 
that the libraries of Alexandria had been destroyed for 
the most part long before the Islamic conquest of Egypt 
and that by the ist yth century there was little left for 
the Muslims to either burn or preserve. 

16. It is remarkable how internal theological dispute 
between various Christian churches helped to transmit 
the scientihc heritage of the ancient world to Islam. 


activity of Alexandria had been transmitted to 
Antioch thanks to the herce rivalry that had come 
into being between the Monophysite and Nes- 
torian Churches of the East on the one hand and 
the Byzantine Church on the other.^* Eurther- 
more rivalries between the Byzantines and the 
Sassanids, who naturally supported any schis- 
matic movement against the Byzantines, pushed 
the centres of learning of the eastem churches ever 
more eastward to Edessa, Nisibis and hnally to 
within the boundaries of the Persian Empire itselT 
But the Christian centres of the Near East 
where Greek was taught and Syriac used as the 
language of science and learning were not the only 
channels which linked the intellectual life of 
Antiquity to that of Islam. There developed 
among the people of Harran a religious cult later 

See L. DeLacy 0 ’Leary, How Greek Science Passed to 
the Arabs, London, 1964; and M. Meyerhof, ‘Von 
Alexandrien nach Baghdad’, Sitzungsberichte der Preus- 
sischen Akademie der Wissenschaften, Phil. Hist. Klasse, 
1930 (23): 389-429. See also R. Walzer, Greek into 
Arabic, Oxford, 1962, where the actual process of 
translation and transmission is discussed in several 
essays. 
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known to Muslims as Sabaeanism*^ that combined 
elements drawn from Babylonian religion with 
the more esoteric aspects of the Greek tradition. 
The Harranians were heirs, therefore, to the 
astronomical and astrological teachings of the 
Babylonians as well as to Neopythagoreanism 
and Hermeticism. Independent of Christian 
centres of learning they transmitted to the Mus- 
lims many aspects of the Graeco-Hellenistic 
heritage, and independent of the Greek world 
certain aspects of Babylonian mathematics and 
astronomy which are reAected in Muslim sources 
but have not been found in Greek ones. 

As far as the Persian world is concerned, it 
too transmitted to Islamic civilization many 
sciences, some of its own and some ultimately of 
Greek and Indian origin. During the Sassanid 
period the Persians developed Jundishapur, near 
the present day Persian city of Ahvaz, as a 
university centre which in fact grew steadily until 
it became heir to both Antioch and Edessa, a 
haven for men of learning every where, and by the 
time of the fall of the Sassanids without doubt the 
most important centre of learning in Western 
Asia, particularly in the field of medicine. 
Jundishapur was a cosmopolitan gathering place 
where Persian, Greek and Indian men of learn- 
ing met and worked together. In many fields, 
especially in medicine, this school more than any 
other was the living link between Islamic science 
and the ancient world. Meanwhile the Persians 
themselves showed special interest and made 
important discoveries in astronomy on the one 
hand and pharmacology on the other at the same 
time that they cultivated avidly both the Indian 
and the Greek sciences. Persia made major 
contributions to nearly every facet of Islamic 
civilization, became one of its major centres and 
played a central role in its creation. But in the 
field of science Persia played a triple role as far as 
transmission was concerned: it transmitted its 
own scientific tradition to Islam, as seen in such 
works as the Royal Astronomical Tables (Zij-i 
shahriyar); it made available certain aspects of 
Greek learning to Muslims which had been 


17. This should not be confused with the Sabaean or Man- 
daean cults of Iraq and Southern Persia which continue 
to this day. On the Sabaeans of Harran the classical 
work of D. Chwolson, Die Ssabier und der Ssabismus, 2 
vols., St. Petersburg, 1856, is still valuable. See also 
E. Drower, The Mandaeans of Iraq and Iran, Oxford, 
1937 - 


translated into Pahlavi or even Syriac but taught 
in centres of learning within Persia such as 
Jundishapur; and finally it passed on to Islam 
ihany of the Indian sciences, especially medicine, 
astronomy and natural history, which had been 
cultivated by the Sassanids. A particularly out- 
standing example of this latter role is the Kalilah 
wa Dimnah, which was first translated from 
Sanskrit into Pahlavi and then by Ibn MuqafFa‘ 
into Arabic, becoming rapidly one of the master- 
pieces of Arabic literature and at the same time a 
source for Muslim natural history.** 

As for India itself, its scientific tradition, 
especially in mathematics (including astronomy) 
and medicine reached Islam not only through 
Sassanid Persia but also thanks to a number of 
Indian men of learning who were invited to 
Baghdad and other Islamic intellectual centres. 
Of course the Indian sciences entered into the 
Islamic world again through the writings of 
al-Biruni in the 5th/iith century and soon after 
through the numerous works of Amir Khusraw. 
But as far as the genesis of Islamic science is 
concerned it was mostly as a result of the transla- 
tion of certain basic texts of mathematics and 
astronomy such as the Brdhmasphutasiddhdnta 
of Erahmagupta and a few medical works, 
particularly concerning drugs and poisons, that 
Indian science made a visible efFect upon Islamic 
science and became one of the notable elements 
that contributed to its birth. 

Einally, a word must be said of the Far 
East. It is true that no traces of the Chinese 
scientific tradition are visible within ddr al-isldm 
at the moment of the founding of the Islamic 
sciences and that we must wait until after the 
Mongol invasion for the official transmission of 
Chinese scientihc works through their translation 
into Persian and Arabic. But there is no doubt 
that there was some kind of earlier contact even 
with China. The transmission to the Muslims of 
such important Chinese technological inventions 
as the making of paper and the appearance of 
certain dehnitely Chinese elements such as the 
Ming-Tang in early Islamic alchemy are witness 


18. See S. H. Nasr, ‘Natural History’ in M. M. Sharif fed.;, 
A History of Muslim Philosophy, vol. H, Wiesbaden, 
1966, pp. 1316-1332. 



General Background 


to contacts which were not merely bound to 
business transactions through land or sea but 
which possessed an intellectual and scientihc 
aspect. There is no doubt, howeyer, that the Far 
Eastem element in the foundation of the Islamic 
sciences does not compare in any way with the 
Greek, Indian or Persian, which formed for the 
most part the materia prima upon which Islam 
imposed a new intellectual and spiritual form, 
creating through this wedding the Islamic 
sciences. 

■k -k -k 

The actual process of transmission of the 
sciences of ancient civilizations from such lan- 
guages as Greek, Syriac, Sanskrit and Pahlavi into 
Arabic is one of the most remarkable instances of 
cultural transmission in human history, to be 
compared only with such other major processes of 
translation and transmission as the rendering of 
the Buddhist sutras into Chinese, and Arabic 
works into Latin. But in both quantity and quality 
the translation of works into Arabic surpasses 
perhaps all other episodes of a similar nature. 
Without outward compulsion but driven most of 
all by an inner need to know, in conformity with 
the ‘gnostic’ nature of Islamic spiritualitv,“ the 
young and extremely virile Islamic civilization 
channelled its energies into the vast enterprise of 
translation, establishing such well known acade- 
mies as the Bayt al-hikmah of al-Ma’mun for this 
purpose. The existence of religious minorities 
within ddr al-islam, minorities whose scholars 
were eminently suited for the task of translation, 
facilitated the process as did the fact that many 
scientihc works had already been rendered into 


19. On the summary ofvarious reasons offered by historians 
and scholars for the translation of works into Arabic see 
S. H. Nasr, Ma‘drif-iisldmidarjahdn-imu‘dsir, Tehran, 
1353 (A. H. solar), introduction. 


Syriac, a Seinitic language which was the sister of 
Arabic. 

Nevertheless the translation of the majority 
of the important scientihc works of Antiquity into 
Arabic within a period of about 150 years stretch- 
ing from the 2nd/8th to the 4th/ioth centuries 
was no mean task. Thanks to such masters of 
translation as Hunayn ibn Isha^^® and to the 
concerted eifort of caliphs, princes and viziers, 
the main scientihc works of such men as Hippoc- 
rates, Aristotle, Theophrastus, Euclid, Ptolemy, 
Dioscorides, Galen and many others were ren- 
dered into a precise Arabic. Moreover this was 
done with the help of an oral tradition which has 
made of these translations something that is often 
more true to the original Greek, Syriac or what- 
ever other language was involved than most 
modem translations. Thanks to this movement 
Arabic became the most important scientihc 
language of the world for many centuries^^ and 
the ground was prepared for the rapid growth of 
the Islamic sciences properly speaking. The 
translations provided the materia prima upon 
which the Muslim mind pondered and which it 
moulded into the substructure for the Islamic 
sciences that soon came into being as a body of 
knowledge at once distinct and related to the 
age-old intellectual traditions which it had 
inherited and adopted as its own thanks to the 
synthesizing and integrating power of the Islamic 
revelation. Henceforth this science, while re- 
vealing the traits of its historical origins, has been 
more than anything else the crystallization of the 
study of the cosmos and its parts from the per- 
spective of Islam as reAected in the most principial 
manner in the Quran and the prophetic traditions. 


20. See 0 . Bergstrasser, Hunain ibn Ishak und seine Schule, 
Leiden, 1913. 

21. One should not, however, forget the great importance 
of Persian especially for the later period of Islamic 
history. 
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The Islamic Educational System 


The cultivation of the Islamic sciences 
depended upon a vast educational system which 
embraced both formal and informal education 
and which made possible the encouragement and 
transmission of knowledge in all its formSj, The 
educational system was of course based on the 
traditional Islamic concept of knowledge and 
leaming. It emphasized most of all the religious 
sciences but included nearly all other forms of 
knowledge from theodicy to pharmacology. Islam 
considers knowledge (‘//m) as something sacred 
because ultimately all knowledge concerns some 
aspect of God’s theophanies. It is this sacred 
view of knowledge that has imbued the whole 
Islamic educational system to this day making it 
even institutionally inseparable from specihc 
religious organizations and institutions such as the 
mosque, the Sufi centre and places run by means 
of endowments {awgdj)} This view has made the 
relation between the teacher and the student of 
traditional schools a most intimate and spiritual 

1. The institution of awqaf is vast and embraces nearly 
every facet of traditional Islamic society, but its 
relation to schools, libraries and other specihcally 
educational insdtutions is pardcularly strong. On the 
institudon of awqdf see M. Gaudefroy-Demombynes, 
Les Insthutions musulmanes, Paris, 1950. 

2. ‘Man ‘allamani harfan fa qad sayyarani ‘abdan’. 


one, and teachers have enjoyed a reverence hardly 
imaginable in modem societies. There is in fact a 
well-known saying attributed to ‘Ali ibn Abi 
Talib - upon whom be peace - which states, ‘I 
have become the slave of him who has taught me 
a single word.’^ The whole aflFair of education has 
always been at the heart of Islamic civilization as 
one of its basic pillars because it has been in- 
separable from the tradition itself which forms the 
marrow and the backbone of the whole of 
Islamic civilization. 

Because of this inseparable link the Is- 
lamic concept of knowledge is based upon the two 
fundamental axes of unity and hierarchy. Like 
existence itself, with which knowledge is ulti- 
mately identical,^ the sciences or forms of know- 
ledge are ultimately one, and at the same time 
belong to a hierarchic order. Knowledge is not 
random as it appears in the profusion of profane 
knowledge today when there is no longer an 
organic link between man’s various modes and 

Obviously this ‘word’ is very far removed from the vast 
stream of information, most of it useless, that bombards 
people today in an atmosphere in which knowledge has 
become completely de-sacralized. 

3. This basic doctrine was made fully explicit in later 
centuries from two different perspecdves in the 
majestic doctrines of Ibn ‘Arabi and Mulla §adra. 
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ways of knowing. The Islamic sciences and the 
intellectual perspectives cultivated in Islam have 
always been seen in a hierarchy* which leads 
ultimately to the knowledge of the One, of the 
supreme ‘Substance’, this being itself from 
another point of view the Substance of all 
knowledge.^ That is why whenever confronted 
with sciences originally cultivated by other 
civilizations Muslim intellectual authorities 
sought to integrate them into the Islamic scheme 
of the hierarchy of knowledge. And that also is 
why the greatest Muslim gnostics, philosophers 
and scientists from al-Kindi, al-Farabi and Ibn 
Sina to al-Ghazzali, Nasir al-Din al-Tusi and 
Mulla Sadra were concerned with the question of 
the classihcation of the sciences. 

The Muslims saw two main channels open 
before man for the acquiring of formal knowledge: 
the path of revealed truth, which after its revela- 
tion is transmitted from one generation to the 
next in a form which the Muslims called ‘the 
transmitted sciences’ {al-ulum al-naqliyyah), and 
knowledge acquired through the God-given 
intelligence of man on both the level of the intel- 
lect and reason® and which the Muslims came to 
call the ‘intellectual sciences’ {al-uliim al- 
‘aqliyyah). To these two classes of formal know- 
ledge, together usually referred to as ‘acquired 
knowledge’ {al-‘ilm al-husuH), must be added the 
sapiential wisdom, the gnosis which results from 
vision {kashj) and the actual ‘tasting’ of the truth 
{dhawq, in Latin sapere, to taste, which is the root 
of sapientia) and Which the Muslims have usually 
called ‘presential knowledge’ {al-ilm al-huduri). 

Faced with the great array of various pre- 
Islamic sciences made available through transla- 
tion along with the vast river of both exoteric and 
esoteric sciences that had Aowed from the in- 
exhaustible ocean of the Quranic revelation, Mus- 
lim intellectual authorities set out to classify the 
sciences, hoping in this way to elucidate their 
hierarchy and contribute to the solution of the 
problem of the harmony between reason and 

4. On the hierarchy of various intellectual perspectives in 
Islam see S. H. Nasr, Three Muslim Sages, Cambridge 
(U.S.A.), 1964, introduction. 

5. As stated so forcefully by F. Schuon, ‘The substance of 
knowledge is Knowledge of the Substance . .‘Atma- 
Maya’, in Studies in Comparatwe Religion, Summer, 
1973, p. 130. 

6. The distinction between these two instruments of 
knowledge is as fundamental to Islamic thought as is the 


revelation, or religion and science. Al-Kindi was 
perhaps the first to tum to this problem in his 
Fi aqsdm al-ulum {On the Types of the Sciences). 
But it was the work of his successor in the Peri- 
patetic school, Abu Nasr al-Farabi, the ‘Second 
Teacher’, which wielded a much wider inAuence 
over the curricula of Muslim universities and 
even those of the West. The Kitdb ihsd’ al-‘ulum 
{The Enumeration of the Sciences) of al-Farabi 
reAects at once the Aristotelian classihcation of 
the sciences as transmitted to Muslims through 
the commentary of John Philoponos upon the 
Isagoge of Porphyry and the desire to harmonize 
this concept with that derived from the Quran and 
especially the SharHah. This work not only 
inAuenced later Muslim authors but became also 
widely known in the West thanks to the transla- 
tion of Dominicus Gundisalvi, and is cited by 
many Latin authors such as Peter of Abano.^ 

With the continuous development of the 
Islamic sciences new branches and forms of 
science came into being and at the same time the 
sciences which were taken over from the pre- 
Islamic civilizations were ever more Muslimized 
and fitted into the Islamic hierarchy of knowledge. 
Both these tendencies are reAected in the later 
schemes of classihcation to which dozens of 
separate treatises or chapters have been devoted 
by such masters as Ibn Sina, the Ikhwan al-Safa’, 
al-Ghazzali and Ibn Rushd and even by the re- 
markable historian of the Sth/i^th century Ibn 
Khaldun who in his Muqaddimah {Prolegomena) 
to the general study of history gives an elaborate 
accoimt of the classihcation of the Islamic 
sciences after their period of maturity.® 

From the time of Ibn Khaldun onward 
several philosophical and scientific encyclopaedias 
appeared in both Arabic and Persian, and later 
also in Turkish, in which the classihcation of the 
sciences are discussed. Some of these works like 
the Durrat al-tdj of Qutb al-Din al-Shirazi are 
more concerned with philosophy and others like 
the Tadhkirah of Da’ud al-Antaki more with the 

distinction between intellectus and ratio in the tradi- 
tional schools of ancient and mediaeval philosophy. 

7. See D. M. Dunlop, Arabic Science in the West, Karachi, 
1958, pp. 88-89. 

8. See Ibn Khaldun, The Mugaddimah: An Introduction to 
History, trans. by F. Rosenthal, 3 vols., New York, 
1958, vol. 2, pp. 436ff. A summary of his classihcation is 
given by Nasr, Science and Civilization in Islam, 
pp. 62ff. 
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sciences of language 
and its branches 


elements pertaining to all 
languages, such as grammar, 
dictation and recitation, 
prosody 


logic and its branches 


Categories 
Pen Hermenias 
Prior Analytics 
J Posterior Analytics 
] Topics 
Sophistics 
Rhetorics 
Poetics 


propaedeutic sciences 
and their branches 

Sciences < 


arithmetic 

geometry 

optics 

■s astronomy 
music 

science of weights 
mechanical devices 


natural and meta- 
physical sciences 


natural sciences 




pnnciples of natural philosophy 
study of simple bodies 
generation and corruption 
J accidents pertarning to elements 
I bodies compounded of the elements 
minerals 
plants 
animals 


metaphysical sciences 


sciences of society 
and their branches 


jurisprudence and 
theology Kalam 


science of being qua being 
principles of the sciences 
discussion of non-material bodies 


Pigure 4a, The dassilication of the sdences according to the Il}sa' al-‘ulum of al-Farabi, 


sciences. One of the most complete and wide- 
spread of these encyclopaedias which mentions 
nearly all the sciences cultivated in Islamic 
civilization is the Nafd’is al-funun (Precious Ele- 
ments of the Sciences) of Shams al-Din al-Amuli 
written during the 9th/i5th century. The numer- 
ous sciences outlined by Amuli and the classihca- 
tion upon which the work is based reflect the 
spectrum and the hierarchy of the Islamic 
sciences after their full Aowering and centuries of 
development. 

The Muslims became faced once again in 
the I3th/i9th century with the onslaught of 
Westem science, which has since threatened both 
the Islamic hierarchy of knowledge and the 

9. See S. H. Nasr, ‘Chira Farabi-ra mu‘allim-i thani 
khwandahand’, Pdrdbi Commemoration Ko/wme, Tehran, 
Tehran University (in press). 


harmony of its educational sy stem, wreaking havoc 
with them to an extent that is unprecedented in 
Islamic history. Al-Farabi became known as the 
‘Second Teacher’ {al-mu'allim al-thdni) because 
he gave order to the sciences and classiAed them. 
To a lesser extent Mir Damad performed the same 
function in Safavid Persia and gained the title of 
the ‘Third Teacher’, Today Islam is truly in need 
of a ‘Pourth Teacher’® to re-establish the hier- 
archy of knowledge so essential to the Islamic per- 
spective and to classify the sciences once again in 
such a way as to prevent the sacred from being 
inundated by the profane and the ultimate goal of 
all knowledge from being forgotten amidst the 
glitter of quickly changing forms of science which 
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The Classitication of the Sciences according to the Nah’is al-funun tN^ara^is 
al-^^uyun by Shams al-Din Muhammad al-Amuli 
First classdication 


C philosophical sciences 

(which are the same at all penods) 


Sciences < 


theoretical 



metaphysics (supreme science) 
mathematics (intermediate science) 
natural philosophy (lower science) 


pertaining to the individual —ethics 


pertaining to the collectivity 


economics 

politics 


f religious 


non-philosophical sciences 

(which are not the same at all periods) 


intellectual 

transmitted 


non-religious 


Pigure 4b 


Second classitlcatlon 


early (awa'il) 


practical philosophy (including ethics, politics and economics) 

theoretical philosophy (including logic, prime philosophy, metaphysics, science of 
natural bodies and all branches of natural philosophy) 

< principles of mathematics (including arithmetic, geometry, astronomy and music) 

branches of natural philosophy (including medicine, alchemy, natural magic, etc.) 


Sciences < 


branches of mathematics (including all branches of astronomy such as the science 
of anwa’, mathematical geography, mechanical devices. chess and backgammon) 


r 

\dXQ (awakhir) < 


literature 

sciences of law (sharSyyat) 

Sufism 

sciences of 'daily discourse' (muhawarl) such as history, biography, geneaiogy, etc. 


Pigure 4C 


Pigures 4b and 4C. 


Two different classiScations of the sciences according to the Nafd’is al-fununfi ‘ard’is al-‘uyun by Shams al-Din Muhammad al-Amuli, 
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niove ever more rapidly without appioaching any 
closer to the centre of the circle of universal 
existence.‘" 

★ ★ ★ 


The centres in which the Islamic sciences 
have been taught over the ages have been an 
integral aspect of Islamic civilization, participat- 
ing in its formal unity in the same way that the 
content of the sciences became integrated into the 
all embracing intellectual unity of Islam. From 
the beginning the mosque was at once the religi- 
ous and social centre of the Islamic community as 
well as the centre for learning. To this day 
Quranic schools (where the fountainhead of all the 
Islamic sciences, namely the Quran, is taught to 
the young) are connected with the local mosques 
in various quarters of Muslim cities. 

But historically there gradually developed 
a distinct institution called madrasah (literally ‘the 
place for lessons’) which grew alongside the 
mosque and is still closely associated with it. At 
the beginning certain parts of mosques were used 
for lessons in religious sciences, each master 
occupying a corner or pillar of his own which in 
fact often became associated with his name. Then 
as teaching became formalized and extended, 
buildings were often erected specihcally for 
teaching purposes, with mosques attached to 
them. In either case, however, both architec- 
turally and intellectually the mosque and the 
madrasah have never been dissociated from each 
other and some of the greatest Muslim centres of 



Plate I. Students studying the Quran with a master in Atghanistan. 


10. See S. H. Nasr, Islam and the Plight of Modern Man, 
chap. I. 


learning such as al-Azhar are even now both 
mosques and schools, reAecting the profoundly 
religious character of learning in Islam. 

The madrasah developed into a full- 
Aedged university around eleven hundred years 
ago, a university in which a variety of subjects 
from religious law to astronomy were taught 
regularly. Some of the earliest Islamic educational 
institutions dating from this period of genesis in 
fact still survive, the best examples being perhaps 
the Qarawiyyin in Fez, the Zaytuniyyah in Tunis 
and al-Azhar in Cairo.“ Other outstanding 
madrasahsy such as those of Qum, Mashhad, 
Samarqand, Isfahan, Najaf, San‘a’, Lucknow 
and the like belong to later periods of Islamic 
history, but are profoundly connected to the 
earlier madrasahs. Likewise the mediaeval Euro- 
pean universities and their curricula reflect their 
close relation with the Muslim universities, which 
they emulated consciously. 

As far as the intellectual sciences are con- 
cerned, they have not always been taught in all the 



Plate 2. The Qarawiyyin Mosque and School, Fez, Morocco. 


II. On al-Azhar, which is the most thoroughly studied of 
Muslim universities, see B. Dodge, Muslim Education in 
Medieval Times, Washington, 1962. 
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Pipire 5. A generaJ view of the inner courtyard ol al-Azhar Uniyersity, 
Cairo. 


madrasahs, especially during the past few cen- 
turies. The mainstay of the curriculum of the 
madrasahs has always been the religious sciences. 
Nevertheless, many of the intellectual sciences 
such as philosophy, logic and mathematics have 
been taught in various madrasahs over the ages 
and are still taught today. This is especially true 
of the Persian madrasahs, where traditional 
philosophy is taught even now and where 
through the Safavid period mathematics was also 
taught on a serious level.'2 

12. The whole philosophy of education involved in the 
traditional madrasah is of the utmost signihcance even 
today but cannot be dealt with in a book such as this. 
See A. L. Tibawi, Islamic Education: its Traditions and 
Modernization into the Arab Nationcd Systems, London, 
1972. As for the ‘decay’ of many of the sciences in the 
Islamic world from the iith/iyth and I2th/i8th cen- 
turies onward (and not the yth/i^th century as most 
Westem historians of science imagine) it is without 
doubt directly related to a gradual loss of interest in such 
subjects as mathematics in the madrasahs and the 



Plate 5. Mmiature dcpicting a traditinnal scene of instructinn. 


But the madrasah was far from being the 
only centre for the study and the transmission of 
the sciences. The hospitals, for example, played 
an important educational role and many of the 
leading hospitals such as those of Rayy and 
Baghdad in the 4th/ioth century had medical 
schools attached to them with regular pro- 
grammes for students; medical dissertations had 
to be written by those who wanted to receive 
their medical certihcate.'’’ The traditional hospi- 
tals, some of the best examples of which survive 

deleting of more advanced courses on these subjects 
from the curriculum of the madrasahs. 

13. On the educational aspect of Muslim hospitals see 
C. Elgood, A Medical History qf Persia, Cambridge, 
1951 i and M. Z. Siddiqi, Studies in Arabic and Persian 
Medical Literature, Calcutta, 1959, pp. xxiiiff. Also 
M. Najmibidi, Tdrikh-i tibb dar Irdn-i pas az Isldm, 
Tehran, 1353 (A. H. solar), part eight; and Ahmed Isa 
Bey, Histoire des bimarisians (h 6 pitauxi a rĕpogiie 
islamigue, Cairo, 1928. 
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today strangely enough in the Indo-Pakistani 
sub-continent, like that of Hyderabad, Deccan, 
have been throughout Islamic history a major 
scientihc institution, combining the curing of 
patients with extensive teaching of medicine, 
pharmacology and allied subjects.^^ 

Another important scientihc institution 
which complemented the hospital and in which 
both research and teachmg took place was the 



Pi^res 6 and 7. Mastcr physician ^pnssibly Ibn Sina'! leaching mcdicinc. 



14. A living example of this in contemporary form can be 
seen in the Hamdard institutes of Delhi and Karachi 
established by two of the leading tradidonal physicians 


observatory. In fact it can be said without exag- 
geration that the observatory as a scientihc 
institution owes its birth to Islamic civilization.*® 
While in the early Islamic period the observatory 
was of a small size and usually associated with a 
single astronomer, from the yth/iBth century 
and the building of the Maraghah observatory by 
Na§ir al-Din al-Tusi, it became a major scientihc 
institution in which numerous scientists gathered 



Pigure 8. A hgurc purported to be Ibn Sina (Avicenna) teaching a group of 
students. 


{hakims) of the Islamic world, the brothers Hakim 
‘Abd al-yamid and Hskim Muhammad Sa‘id. 

15. See A. Sayili, The Obsewatory in Islam, Ankara, 1964. 
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Plate6. General view olBayaaid 11 AC«l/iyc-auniversity complexconsistingofmosque, madrasah and hospital-in Kdime, Turkey. 



Plate 7. Osmania Hospital, Hyderabad, Deccan, India. 
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Plate 8. Miniature showing students studying astronomy with their teacher. 
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to work and teach together. The Maraghah 
observatory served as the source of inspiration 
and model for the Ulugh-Beg observatory in 
Samarqand and the Istanbul observatory of the 
Ottoman period where Taqi al-Din worked. 
These observatories in tum served as models for 
the several observatories constructed by Jai Singh 
in the I2th/i8th century in India in such cities as 
Delhi and Jaipur and also were the model for the 
early European observatories such as those used 
by Tycho Brahe and Kepler. An analysis of the 
astronomical instruments in these ioth/i6th and 
iith/iyth century European observatories and 
their comparison with earlier Muslim instruments 
reveals the close nexas between the Muslim and 
later European observatories. 

The formal and public institutions of 
leaming so far mentioned ai^e not, however the 
only ones to consider when discussing the 
important centres for the teaching and the trans- 
mission of the sciences in Islam. Much of the 
transmission of learning, especially of more eso- 
teric knowledge, has taken place and continues to 
take place in private circles not accessible to the 
public at large. These circles include first of all the 
Sufi centres {khdnaqdh in Persian and zdwiyah in 
Arabic), where not only initiatic and spiritual 
practices take place but also many of the esoteric 
and sometimes even exoteric sciences are taught. 
The Sufi centres became especially importapt as 
centres of formal learning after the Mongol 
invasion, when they were forced to fulfil the role 
of the madrasahs destroyed by the Mongol on- 
slaught as well as their own proper function of 
training the adepts spiritually. 

There are also private circles connected 
with a particular teacher, meeting either at his 
house or the house of one of his disciples. Much of 
traditional learning is carried out today in the 
Islamic world in such private circles whose great 
propaedeutic importance can hardly be over- 
estimated. Moreover, the occult sciences such as 
alchemy or geomancy have always been taught in 
such completely private circumstances. The 
atelier of an alchemist is almost always his home 
or the house of an adept, and it is here that those 
considered by the alchemist as capable of master- 
ing the royal art have been and are to this day 
trained. The same could be said of the other eso- 
teric and occult sciences, the former being also 
taught in Sufi centres but the latter almost 
exclusively in completely private places and 
gatherings. The channels of learning are like 



Pigure 93 


Pigure 9. (a) The horizontal and (b) the vertical cross-section of the Mara- 
ghah Observatory based on recent excavations by Azarabadegan University, 
Tabriz,Persia. 
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arteries and veins in the body of Islamic society, 
some externally visible and others hidden. But 
together they have always played the vital role of 
enabling the life-giving blood of knowledge to 
flow through the body of the community, to re- 
juvenate it constantly and to preserve its vitality, 
enabling it to fulfil the function for which it has 
been destined by its very acceptance of the 
celestial norm of the Islamic revelation. 



Plate 9. Insuka Suti klunj^jh. 


24 




Part Two 

The Islamic Sciences 
The Qualitative Study 
of the Universe 




Chapter III 

Cosmology, Cosmography 
and Geography 


No understanding of the Islamic sciences 
or for that matter the sciences of any other tradi- 
tion is possible without a consideration of the 
cosmology to which the branches of the traditional 
sciences are related like so many limbs belonging 
to a living organism. Even modern science, 
whether realized fully by its cultivators or not, 
hmctions within a world view created by lyth 
century rationalism and has been inseparable 
from this philosophical background since the 
scientihc revolution.^ So much more is the reliance 
upon a ‘theoretical’ background true of the Is- 
lamic sciences which are but applications and 


I. Modem science is related to the rationalistic universe 
emanating from the philosophical world view of the 
lyth century through its reliance upon human reason as 
the ultimate criterion of truth, its limiting of reality to 
the physical domain and its restricting of the relation 
between man and nature to the level of the senses and of 
reason analy^ing the results of sense perception. 
Traditional sciences are related to metaphysical and 
cosmological principles in relying upon the language of 
symbolism, in basing themselves upon the hierarchic 
nature of the cosmos, in considering the analogies which 
exist between the macrocosm and the microcosm and in 


aspects of traditional Islamic cosmology and 
therefore of the metaphysical principles of the 
tradition of which the cosmological sciences 
themselves are expressions and reAections upon 
the cosmic plane.^ 

The cosmos is at once continuous and dis- 
continuous with respect to its Origin, the Origin 
which is Pure Being and ultimately the Absolute 
and Inhnite Reality which stands beyond even 
Being. As Being, the Origin is like the Sun of which 
all existents in the cosmos are rays. But the Origin 
is also Substance with respect to which the whole 
of the Universe is but a series of accidents, and 


relying upon the Intellect, which pierces through 
phenomena to their noumenal essences, in addition to 
reason and the senses. See H. Buttertield, The Origins of 
Modern Science, New York, 1951; E. A. Burtt, The 
Metaphysical Poundations of Modern Science, New 
York, 1954; and F. Brunner, Science et rĕalitĕ, Paris, 
1954 - 

2. On the meaning of the cosmological perspective see 
T. Burckhardt, ‘Nature de la perspective cosmo- 
logique’, Etudes Traditionnelles, vol. 49, 1948, pp. 216- 
219. 
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Essence of which all cosmic forms are but re- 
Aections and theophanies.^ The various cosmo- 
logical schemes developed within Islam and the 
cosmos sanctihed by the Islamic revelation are so 
many ways of depicting the relationship between 
the Origin and the Universe in its multiple levels 
of existence extending from the spiritual through 
the animic to the material (the ruh, nafs and jism 
of Islamic cosmologists and philosophers, cor- 
responding to the spiritus, anima and corpus of the 
cosmologists of Antiquity). They are means of 
depicting this relationship in a ‘space’ which 
transcends purely physical space and also a ‘time’ 
which is beyond profane time, that is, within the 
matrix of the universal hierarchy which stands 
‘above’ the terrestrial plane here and now and 
with respect to the ‘rhythms’ associated with the 
Substance or the phases of the ‘Breath of the 
Compassionate’^ which determines from on high 
the cycles (adwdr) of universal existence and 
cosmic events associated with cosmic history and 
also with eschatology.^ 

Islamic cosmology is directly related to the 
principles of the Islamic revelation and to the 
metaphysics which issues forth from the esoteric 
message of the Quran and the inner teachings of 
the Prophet which are its complement.'^* It is not a 


3. See F. Schuon, Logic and Transcendence, trans. by 
P. Townsend, New York, 1975, chap. 5. ‘Substance 
may be compared to the centre of a spiral, and Essence 
to the centre of a system of concentric circles; one may 
also say that the notion of Substance is nearer to that of 
the Inhnite and the notion of Essence nearer to that of 
the Absolute; again, there is in Substance an aspect of 
feniinity and in Essence an aspect of masculinity.’ 
ibid., p. 76. 

4. Suhs speak of the very ‘stuff or substance of the 
Universe as the ‘Breath of the Compassionate’ {na/as 
al-rahmdn) which passing through the ‘essences’ 
(aTa‘ydn al-thdbitah) produces created beings like 
human breath which produces words and sounds by 
passing through the vocal cords. Man imitates on the 
human plane the act of creation through his speech and 
for that reason the word in the form of invocation 
[dhikr) plays such a central role in the ‘re^ersal’ of the 
cosmogonic act and the return of man to his Origin. 
On the dhikr see F. Schuon, The Transcendent Unity of 
Religions, trans. P. Townsend, New York, 1975, 
pp. I37and 145-46- 

5. In exoteric discussions ofeschatology in Islam, rhythms 
of the manifestations of the Substance, or what would 
correspond to the days in the life of Brahma in Hindu- 
ism, are usually passed over in silence, but they are 


generalization 6f the physical sciences or the ex- 
tension of a terrestrial physics to the conhnes of the 
visible Universe. It has in fact nothing to do with 
what passes for cosmology today. Islamic cosmo- 
logy aims at providing a vision of the cosmos 
which enables man to pierce through the visible 
world to the higher states of existence and creating 
a science of the cosmic domain which acts as a 
ladder to allow man to mount to the ‘roof of the 
cosmos’, to use the well-known phrase associated 
with the works of Rumi,’ and even beyond it to 
behold Metacosmic Reality which transcends all 
the planes of cosmic manifestation. The Origin or 
Principle of the Universe is at once Being, con- 
sciousness and bliss {wujud, wujddn and wajd in 
Arabic)** and these qualities flow in the arteries of 
the cosmos precisely because the cosmos is a 
manifestation of the Principle. Traditional cos- 
mologies are means of gaining knowledge of this 
positive aspect of the cosmos; in the bosom of 
metaphysical doctrines and with the aid of 
appropriate methods of realization they enable 
men to gain access to that consciousness and ex- 
perience, that bliss which is already a foretaste of 
paradise. 

To fulfil the role assigned to it within Is- 
lamic civilization, Islamic cosmology naturally 


discussed in esoteric schools, in both Suhsm and 
various forms of ShPism. 

6. The cosmology based upon traditional Islamic sources 
is concerned with all the states of being below the 
Divine Names and Qualities, beginning with the Spirit 
{al-Ruh), which is the ‘Divine Centre’ of the cosmos, 
extending to the four archangels, the eight angels con- 
nected with the Divine Throne, and then the various 
angelic hierarchies and ending with the psychic and 
hnally physical worlds. These ‘worlds’ have been 
depicted in various fashions, perhaps the most central 
being the ‘Five Divine Presences’ {al-hadardt al- 
ildhiyyat al-khams) of Ibn ‘Arabi. See F. Schuon, Logic 
and Transcendence. pp. 97-100; and Schuon, Dimen- 
sions of Islam, chap. 11. 

7. Concerning the Mathnawi of Rumi it has been said, 

These words are the ladder to the hrmament. 
Whoever ascends it reaches the roof - 
Not the roof of the sphere that is blue, 

But the roof which transcends all the visible heavens. 

See S. H. Nasr, ‘Rumi and the Sufi Tradition’, Studies 
in Comparative Religion, Spring, 1974, p. 89. 

8. It is not accidental that these terms possess the same 
root in Arabic. 
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Plate 10. A miniaturc image ot thc horse ot' thc Archangcl Gabriel. 


29 













The Islamic Sciences: The Qualitative Study of the Universe 



Plate II. The noctumal ascent {al-mi‘raf) of the Holy Prophet. 
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has made use of numerous forms of symbolism 
and has had recourse to many different means 
through which the end in view could be achieved. 
In fact it could not be otherwise seeing that Islam 
had to create a world-wide civilization and inte- 
grate within its fold people of different psycho- 
logical and mental constitutions. In all forms of 
cosmology, however, the aim has remained the 
same, namely to transform the cosmos and its 
parts into an ‘icon’ which can be contemplated 
and a mirror in which the One can be revealed 
within the matrix of multiplicity itself. Beginning 
with the Universe which has become trans- 
formed by the Quranic revelation, the Universe 
in which the Archangel Gabriel descended and 
the Prophet made his nocturnal ascent {al-mi‘rdj) 
to the Divine Proximity, Islamic cosmology has 
made use of such diverse elements as Quranic 
symbolism, concepts and symbols drawn from 
the doctrinal formulations of Suhsm (itself 
developed to a large extent from the Quran and 
Hadith), theosophical and philosophical descrip- 
tions of the cosmos, numerical symbolism and 
traditional astronomy. Islamic cosmology, there- 
fore, displays many facets and forms but all lead- 
ing to a single inner content. The meaning of all 
the cosmological schemes in Islam has remained 
the same, namely the relating of multiplicity to 
Unity, of existence to Being, of each creature on a 
particular level of existence to the higher ^evels 
and hnally to the Divine Names and Qualities in 
which are to be found the principle and the ‘end’ 
of all cosmic manifestation. 

No single ‘event’ is more central to the 
understanding of Islamic cosmology than the noc- 
turnal ascent or al-mi‘rdj of the Blessed Prophet 
from Mecca to Jerusalem and then vertically 
through all the states of being to the Divine 
Throne (al-‘arsh) itself, an ‘event’ which is 
described in the Holy Quran and depicted by 
numerous miniaturists as well as described by 
countless writers and poets." The Prophet Mu- 
hammad - upon whom be peace - is himself the 
symbol of all that is positive in the cosmos, and 
the second Shahddah of Islam, Muhammadun 

9. Among them may be mentioned the Persian Sufi poet 
Sana’i whose Mi‘rdj-ndmah along with several other 
Muslim sources most likely served as a source of 
inspiration for the Divine Comedy of Dante. See the 
well-known works of M. Asin Palacios, La escatologia 
musulmana en la Divina Comedia, Madrid, 1919; and 
E. Cerulli, II ‘Libro della scala’ e la guestione delle jonti 
arabospagnole della Divina Comedia, Yatican, 1949. 


rasul Alldh (Muhammad is the Messenger of 
God) means esoterically among other things that 
the whole cosmos, in its positive aspect as symbol 
and not in its privative aspect as veil, comes from 
God. The nocturnal ascent of the Universal Man 
is therefore at once a return of the cosmos to its 
Source, the model for the spiritual life, and a 
delineation of the cosmos and hence the principal 
model for all Islamic cosmology. All the versions 
of the description of the cosmos to be found in 
various forms of Islamic cosmology are of the 
cosmos which was ‘experienced’ by the Prophet 
in his nocturnal journey and in fact Islamicized 
through this very journey as well as by the descent 
of the Holy Quran.^® 

The Muslim sages have elaborated Islamic 
cosmology in numerous treatises, sometimes 
making use of Quranic angelology alone and at 
other times incorporating into their works cosmo- 
logical sciences drawn from other traditions but 
in conformity with the Islamic perspective. This 
is to be seen especially in the writings of Ibn 
‘Arabi, who was like a sea into which the rivers 
of Pythagoreanism, Platonism and Hermeticism 
Aowed and in which they became completely 
intermingled with purely Islamic esotericism. 
The symbolism of the Arabic alphabet, the 
astrological signs, numerical symbolism and the 
science of the Divine Names became synthesized 
in his writings into a pattern of unity that is 
characteristic of the synthesizing genius of this 
great master of Islamic gnosis. 

Similar to the cosmology described by 
Ibn ‘Arabi but enclosed within the more particu- 
lar world of Shi‘ism are the schemes found in the 
writings of Sayyid Haydar al-Amuli, who was a 
disciple of Ibn ‘Arabi as well as an outstanding 
Shi‘ite theosopher and theologian. He also had a 
particular love for geometric patterns and made 
use of them as symbols of his cosmological 
doctrines. He designed mandalas to be contem- 
plated by the adept, complicated patterns in 
which the twelve Imams of Shi‘ism enter into the 
cosmic scheme to play a major role as so many 
epiphanies of the Logos and reAections of the 

10. The ‘night of power’ (laylat al-qadr), during which the 
Quran was revealed, and the ‘night of ascent’ (laylat 
al-mi‘rdj) complement each other and signiiy from the 
cosmological point of view the Islamicization of the 
cosmos in the descending and ascending orders, or from 
the cosmogonic and initiatic points of view. 
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pigure 10. The macrocosmic deployment of the Divine Names in their correspondence with cosmological and astrological states and signs, according to Ibn 
‘Arabi. 
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Pigure II. The correspondence between the Prophets, the Imams and the cosmic hierarchy according to Sayyid Haydar al-Amuii, 
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Pigure 13. The correspondence between the elements, the astrological signs, the parts of the human body and the letters of the Arabic alphabet according to 
Shams al-Din al-Buni. 
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Divine Light. The number twelve naturally plays 
a central role in these patterns, which unify 
angelology, imamology and astronomy in grand 
schemes unveiling the contours of the Islamic 
cosmos with its particular Shihte colour. 

Another form of Islamic cosmology is to be 
found in the writing of those schools which were 
devoted to the science of the symbolism of num- 
bers and letters and which often combined the 
Aristotelian doctrine of the three kingdoms and 
the Pythagorean philosophy of numbers with 
Islamic metaphysics while making use of the 
sciences concerned with the symbolism of the 
Arabic alphabet as well as the symbolism of cer- 
tain words and phrases. In the case of the 
Ikhwan al-Safa’, whose Epistles rellect closely the 
thought of certain circles within Shi‘ism, especi- 
ally IsmaMlism, and which are related in many 
ways to the Jabirean corpus, there is to be found 
more than anything else a Pythagoreanism com- 
bined with Aristotelian natural philosophy and 
integrated into the matrix of Islamic esotericism, 
while in the works of such men as Shams al-Din 
al-Buni certain Hermedc and also magical ideas 
enter into the picture. 

Cosmology deals with the content and 
cosmography with the external form and descrip- 
tion of the cosmos. In the Islamic world there 
developed numerous cosmographies based upon 
the traditional cosmologies. One type of cos- 
mography is to be found in the class of writings 
known as the Wonders qf Creation {‘Aja^ib aT 
makhluqdt) by such men as Abu Yahya Zakariyya’ 
al-Qazwini.‘These books begin with the angelic 
world and end with plants and minerals. More- 
over, they combine mythology with scientihc 
description within the hierarchic Universe de- 
scribed in the cosmological works. These works, 
which are usually of a popular nature, have served 
as background for both popular literature and 
numerous miniature paintings. Other cosmo- 
graphies such as those contained in the works of 
astronomers and mathematicians like al-Biruni 
and Qutb al-Din al-Shirazi are of a much more 
scientihc nature being closely allied to the astron- 
omy and physics developed by Muslim scientists 
but also staying within the bounds of the tradi- 
tional Universe of Islamic cosmology. 

In all of their diverse forms Islamic cos- 
mology and cosmography have served as back- 
ground, matrix and principle for the various 
Islamic sciences from geography to alchemy. 
They have made possible the linking of the 



Plate 12. Thc Angelot Death, Izra’il, 

particular sciences to the principles of the Islamic 
revelation and the creation of an integral civiliza- 
tion by Islam in which the various sciences have 
been cultivated without disrupting its unity, a 
civilization in which nature has been studied 
without destroying the harmony between man 
and his natural and cosmic environment. 

Geography and Geodesy 

Muslim studies in geography extend from 
a symbolic and sacred geography which views the 
earth as an image of the spiritual world to the most 
exact mathematical measurements of geographic 
coordinates and quantitative geomorphic studies. 
Cast within the world view of Islam and centred 
most of all upon the vast conhnes of ddr al-isldm, 
the science of geography drew from many 
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sources, such as Babylonia, Greece, India and 
especially Persia. Pre-Islamic Persian geography 
had already inAuenced pre-Islamic Arabic geo- 
graphical ideas, as the Arabic word barzakh, 
which comes from Pahlavi /arsang, reveals, and it 
played a central role in early Islamic geography as 
well. The ancient Persians saw the earth as an 
angel and possessed a highly developed ‘visionary 
geography’.” Their division of the world into 
seven circular ‘regions’ (kishwars) was a terrestrial 
reAection of the sevenfold spiritual hierarchy and 
left its deep eflFect upon geographers of the Islamic 
period,^^ who were fully aware of the symbolic 
signihcance of seven in both the Greek scheme of 
the climates and the Persian scheme of the kish- 
wars. Likewise, the central cosmic mountain of 
the ancient Persians became transformed into the 
Mount Qaf mentioned in the Quran, and at least 

u. See H. Corbin, Terre celeste et corps de rĕsurrection, 
Paris, 1961, pp. 4iff. 

12. See S. H. Nasr, ‘La cosmographie en Iran prĕ- 
islamique et islamique, le problĕme de la continuitĕ 


among a great number of Islamic geographers the 
central region of the world was conceived in a new 
fashion so as to encompass Mecca, the centre of 
the Islamic world and the point where for Mus- 
lims the heavenly axis touches the terrestrial 
plane. In ‘Islamicizing’ the natural world about it 
Islam in fact incorporated much of the symbolic 
and sacred geography of the traditions before it, 
sanctifying them anew through the power of the 
new revelation. How many mountains, lakes and 
other distinct loci can be found today in the Is- 
lamic world which are of particular religious 
signihcance now and were also of special religious 
signihcance in the traditions which preceded 
Islam! 

While sacred geography goes back mostly 
to the origins of the Islamic revelation and its early 
expansion within the land destined to become the 

dans la dvilisation iranienne’, in Arabic and Islaniic 
Studies in Honor of Haniilton A. R. Gibb, Leidcn, 1965, 
pp. 52ifF. Some of the ideas contained in old Persian 
world maps have even entered into apocryphal Hadith 
literature. 







Pigure 14. 


Pigures 14 and 15. Map ot' thc world and the scven climes according to 
al-Biruni. 


home of classical Islam, descriptive and quantita- 
tive geography, which is considered as ‘scientihc’ 
geography today, begins essentially in the Abbasid 
period with the translation of Indian, Persian and 
Greek geographical texts. The rendering into 
Arabic of the Suryasiddhdnta as well as other 
Indian astronomical texts acquainted Muslims 
with Indian geography, from which they learned 
most of all the calculation of longitudes from 
Ujjain. As for Persian sources, although no 
names of specihc geographical works have sur- 
vived, the knowledge of Sassanid geography 
among Muslims was widely extended, as can be 
seen in the names of many areas such as the 
Indian Ocean, which they called bahr al-fdrs, the 
‘Persian Sea’, following Sassanid examples. The 
Iranian inAuence was particularly strong in mari- 
time literature, as can be seen in the survival of 
numerous Persian words such as bandar (port) and 
ndkhudd (captain of a ship) in Arabic geographical 
works. 

As far as Greek sources are concerned, the 


Muslims had an intimate acquaintance with the 
Geography of Ptolemy, which was translated 
several times into Arabic, as well as the geography 
of Marinos of Tyre. Moreover, they were 
familiar with such works as the Timaeus of Plato 
and the De Caelo and Meteorology of Aristotle 
with all the geographical knowledge these texts 
contained. The descriptive geography of such 
men as Strabo, however, was never translated into 
Arabic. Islamic works drew from Greek sources 
mostly for mathematical geography and from 
Persian sources for descriptive geography. Thanks 
to the ease of travelling over the vast areas 
covered by ddr al-isldm, Islam produced its own 
Strabo’s and gained a great deal more knowledge 
of geography than was ever accessible to the 
civilizations preceding it, a knowledge which it 
then litted into the theoretical patterns inherited 
from both the Greeks and the Persians. 

The earliest Islamic geographical works 
properly speaking belong to the early 3rd/9th 
century, especially to the reign of al-Ma’mun. 
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Plate i5b 


Plate 14. Spain and North Africa according to the map ofal-Istakhri. 


Plates I5a and i^b. The Persian Gulf according to the map of al-Istakhri. 


Plate i5a 
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Plate i6. The province of Fars according to thc map of al-Istakhri, 


During his caliphate the map of the world was 
drawn, entitled ‘the Ma’munic map’ (al-surat 
al-ma’muniyyah)i which is now lost but which was 
seen by Abu’l-Hasan al-Mas‘udi who considered 
it more accurate than that of Ptolemy. During this 
time also several other major works on geography 
appeared on the scene, some written by philo- 
sophers such as al-Kindi and Ahmad al-Sarakhsi 
and others contained in the astronomical works of 
such men as Abu ‘Abdallah al-Battani, Abu’l- 
‘Abbas al-Farghani and Ibn Yunus. These works 
were both descriptive and mathematical, the 
descriptive works being often in the form of 
itineraries such as the al-Masdlik wa’l-mamdlik of 
Ibn Khurdadhbih,^® and the mathematical works 

13. See F. E. Peters, Allah's Commonwealth, New York, 
1973, pp. 344ff. For Islamic geography in general see 
Nafis Ahmad, Muslim Contrihutions to Geography, 
Lahore, 1947; also S. Maqboul Ahmad and Fr. 
Taeschner, ‘Djughrdfiyd’, in Encyclopaedia of Islam 
(new edition). See furthermore, the important study of 
A. Miquel, La geographie humaine du monde musulman 


following mostly upon the model of Ptolemy. 
Of the latter group the most important in this 
early period is without doubt the Surat al-ard 
(The Pigures ofthe Earth) of Muhammad ibn Musa 
al-Khwarazmi. Also among works of this period 
dealing extensively with mathematical geography 
may be mentioned al-A^ldg al-nafisah (The Book 
of Precious Things) of Ibn Rustah. 

During the 4 th/ loth and 5th /11 th centuries 
geography developed extensively as actual obser- 
vations of various parts of the world, accumulation 
of earlier studies and continuous research by 
Muslim scientists themselves made possible a 
notable expansion of the horizons of geography. 
Great historians such as Ahmad al-Ya‘qubi 
also wrote on geography as an adjunct to history. 
Natural historians like Abu’l-Hasan al-Mas‘udi, 
who has been called the Muslim Pliny, combined 
cosmology, history and geography in a single 
encyclopaedia entitled Muruj al-dhahab (Prairies 
of Gold) which set an example for centuries to 
follow. 

This was also the period during which the 
first Persian work on geography, called Hudud 
al-^dlam (Limits of the WorlcT), was written by an 
anonymous author based on the earlier work of 
Abu Ishaq al-Istakhri who belonged to a class of 
geographers like Abu Zayd al-Balkhi and Ibn 
Hawqal. These latter figures tried to give a more 
distinct Islamic colour to geography and usually 
limited themselves to Islamic lands. 

A new chapter was also opened in the field 
of the geography of the seas during this formative 
period as Arab and Persian sailors made extensive 
journeys to such far away lands as Java, Sumatra 
and China, not to speak of India. From this sea- 
faring there issued both popular tales and 
scientific descriptions contained in such works 
as the Akhbdr al-Sin (Reports on China) and 
Akhbdr al-Hind (Reports on India) of Sulayman 
the Merchant and the famous 'Ajd’ib al-hind 
(Wonders of Indiay^ of Buzurg ibn Shahriyar 

Plate 17. Westcrn Asia and thc Kastcrn Mediterrancan according lo the map 
ofIbnHawqal, 

Plate 18. Central Asia andTransnxiana accordingiolhc map oribn Hawqal, 

jusqu'au milieu du siĕcle, Paris, 1967, in which 
(pp. 4-33) special attention is paid to the diverse sources 
for the study of geography among Muslims. 

14. For this genre of writing in English translation see 
J. 0 ’Kane, The Ship of Sulaiman, London, 1972. 
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Pigure i6. map of Kerman and its vicinity 


Ramhurmuzi. The knowledge gained by these 
means brought Muslims face to face with the 
dehciencies which existed in the Greek material 
they had inherited and had a role to play in the 
new synthesis the Muslims were able to make from 
Greek, Persian and Indian geography and their 
own observations and studies. 

The height of Islamic geographical studies 
of this early period is to be found in the writings of 
the peerless Abu Rayhan al-Biruni, at once master 
of mathematical, descriptive and cultural geo- 
graphy. Not only is al-Biruni’s Tahdid nihdydt al- 
amdkin {The Determination of the Coordinates of 
CitiesY^ the foremost Islamic work on mathe- 
matical geography, but throughout the incom- 
parable India, the Chronology of Ancient Nations 
and the Mas‘udic Canon numerous pages are 
devoted to geography discussed with the precision 

15. See al-Biruni, The Determimtion of the Coordinates qf 
Cities, trans. by Jamil Ali, Beirut, 1967. See also the 
extensive and valuable commentary of E. S. Kennedy to 


and care that characterize all of the works of this 
master scientist and scholar. 

From the 6th/i2th century until the begin- 
ning of the European expansion during the 
Renaissance marks the period of elaboration and 
systematization in geography among Muslims 
during which such cosmographical encyclo- 
paedias as the Nukhbat al-dahr {The Selection of 
the Age) of Shams al-Din al-Dimashqi and 
‘Ajd'ib al-bulddn {The Wonders of the Lands) of 
Zakariyya’ al-Qazwini saw the light of day. But it 
was also the age which saw original geographers 
such as Abu’l-Fida’ and especially Abu ‘Abdallah 
al-Idrisi, the Moroccan geographer who'served 
at the court of Roger II in Sicily, for whom he 
wrote his Kitdb al-rujdri (The Book of Roger). The 
world map prepared by al-Idrisi, based upon both 
Hellenistic and earlier Islamic sources, marks the 

this work, A Commentary upon Biruni’s Kitab Tahdid 

Nikayat al-Amakin, Beirut, 1973. 



Fi(rure 17. A map of Palcstine, Syria and the Lebanon. 
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Plate 19. The Muslim lands of Wcstem Asia actording to the map of Kashgarli Mahmud. 


height of cartography in Islam and the apogee of 
Islamic geography in this domain. 

Also to this period belongs the incom- 
parable geographical dictionary of Yaqut entitled 
Mu‘jam al-bulddn {Dictionary of the Lands), 
which is still an indispensable tool of research for 
modem scholars. This work incorporated a great 
deal of local information which had been collected 
within the works on local history and geography 
so typical of this age. Of course not all the de- 
scriptions of this period were local, for this was 
also the age of great trayellers, foremost among 
them Ibn Battujah, who set out from Tangiers 
and reached as far east as India and possibly 
China. In his remarkable Tuhjat al-nuggdr 

16. See H. A. R. Gibb (trans.), The Traveh of Ibn Battutah, 
2 vols., Cambridge, 1958-62. 

17. See G. R. Tibbetts, Arab navigation in the Indian 
Ocean before the coming of the Portuguese, being a 


(The Gift of Observers, usually known as Travelsy^ 
he provides extensive geographical and topo- 
graphical information, not to speak of material on 
history, religion, ethnography and the like, which 
make of this work one of the most outstanding in 
the mediaeval period. 

Just before the advent of the European 
Renaissance Muslims made notable advances in 
nautical geography as seen in the well-known 
a 1 -‘Umdat al-mahriyyah {The Pillars of al-Mahri) 
of Sulayman al-Mahri and especially Kitdb al- 
fawd'id fi usul ‘ilm al-bahr wa’l-qawctid {The 
Book of Benefts Concerning the Principles and 
Poundations of the Science of the Sea) of Ibn 
Majid.*' The inAuence of works of this period in 

translation of Kitdb al-fawd’id fi usul al-bahr wal- 
qawa‘id, together with an introduction on the history of 
Arab navigation,... andaglossary of navigational terms, 
London,1971. 
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the West is reAected in such meteorological terms 
as typhoon (from the Arabic tufdn) and monsoon 
(from mawsim). Ibn Majid also guided the boat of 
Vasco de Gama from Malindi in East Africa to 
Calicut in India. But the very entrance of the 
Portuguese upon the scene signalled the decline 
of Muslim sea power and also nautical geography 
at least until the Ottoman period. 

From the 9th i^th century onward geo- 
graphical works continued to be written mostly in 
Persian by the Persians and Indians and also in 
Persian, Turkish and occasionally Arabic by the 
Ottomans. The most original geographical work 
of the period belongs to the Ottoman writers. 


Some like Ibn al-‘Ashiq, the author of Mandzir 
al-dlam (Viezvs of the World) followed the models 
of earlier works like the ‘Ajd'ib al-makhluqdt (The 
Wonders of Creation) of al-Qazwini but added new 
material on Anatolia and the Balkans not found in 
earlier Muslim sources. Others like the Khitdy- 
ndmah (Treatise on China) of Sayyid ‘Ali Akbar 
Khita’i gave a fresh geographical description of 
the journey to China. 

But the most amazing geographical con- 
tribution of this period is perhaps the carto- 
graphical works of Pir Muhyi al-Din Ra’is, 
produced in the early ioth/i6th century, con- 
taining maps of Africa and America, which 



Plate zoa 
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continue to astonish modern scholars. The 
second Ra’is, Sayyid ‘Ali, entitled Katib-i Rum, 
also made worthy contributions to marine geo- 
graphy in his al-Muhit (The Circumjerence). This 
late Ottoman tradition of geography reached its 
height with the Jihdn-numd of the iith/iyth 
century author Hajji Khalifah, which clearly 
rehects the transition from mediaeval to modern 
geography and which was completed and printed 
in the I2th/i8th century with the help of Euro- 
pean sources. This work was contemporary with 
the monumental Seydhat-ndmah (Travel Accounts) 
of Ewliya Celebi in which a synthesis is made of 
the geography of the day. In geography as in few 
other helds Islamic science not only developed 
and transmitted some of the fruit of its endeavours 
to the West, but also drew from Renaissance and 
even later Westem sources before the onslaught 
of the West upon the Islamic world. It also made 
this transition in a manner that was not totally 
disruptive as was the case in so many other of the 
sciences. 


Plate 2oa. An Ottoman compass. 



Plate 2ob. \ Syrian compass. 
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Plate 21. .Map of America and West Africa according lo Piri Ra’is. 


Pigure i8. Europe and Korth Africa according to Piri Ra’is. 
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As far as geodesy is concerned the Islamic 
geographers made major contributions to it as 
well, and in fact al-Biruni may be considered as 
the founder of the science of geodesy.^* Muslims 
were interested in mathematical studies of the 
features of the surface of the earth as well as in 
determining the latitude and longitude of cities, 
the height of mountains, the diameter of the 
earth, etc., from the moment they inherited the 
Greek, Indian and Persian works on the subject. 
But they were also interested in some of these 
problems for the practical purpose of orientating 
themselves in the direction of Mecca and hnding 
the yarious times of day in order to perform the 
prescribed prayers and to fast properly. Treatises 
on how to determine the length of day abound in 
Islamic languages, as do works on ways of deter- 
mining the direction of Mecca from various 
latitudes and longitudes. 

But Muslims did not remain content with 
only these problems, despite their central im- 
portance. They spent much effort in rehning 
means of measuring latitudes and longitudes of 
cities and other geographical features. Already 
during the 3rd/9th century they had measured a 
degree of latitude at about 36°N to be 2877 feet 
basing themselves on simultaneous observations 
at Palmyra and Raqqa. Al-Biruni, who devoted 
about fifteen books to geodesy and mathematical 
geography, improved on these measurements. 


while Ibn Yunus, almost his contemporary, 
devoted careful studies to the measurement of 
longitudes. By the yth/i^th century Abu’l-‘Ali 
al-Marrakushi had composed hisjdmi‘ al-mabddi 
wall-ghdydt {Sum of the Beginnings and the Ends) 
as well as his treatise on astronomical instruments 
which caused Sarton to describe his works as ‘the 
most important contribution to mathematical 
geography - not only in Islam but anywhere.’^® 

As far as the measurement of the diameter 
of the earth is concerned the Muslims knew 
earlier Greek and Indian methods. But a new 
effort at measurement was made in the Sinjar 
plain of Syria in the 3rd/9th century by a team 
under the direction of the sons of Musa ibn 
Shakir which improved upon the earlier measure- 
ments. Likewise, the astronomers al-Battani and 
al-Farghani measured the diameter of the earth. 
But again it was al-Biruni who in several of his 
works described means of measuring the diameter 
of the earth and finally carried out the method 
himself while in India, coming up with the answer 
of about 25,000 miles, which would have been very 
accurate if the earth were not a geoid.^“ Al-Biruni 
also devised ingenious methods of measuring 
mountains and other elevations so that he truly 
deserves to be named the founder of geodesy, a 
science which numerous Islamic geographers and 
astronomers pursued in the centuries which 
followed him. 


18. See S. H. Barani, ‘Muslim researches in geodesy’, 20. See S. H, Nasr, An Introduction to Istamic Cosmo- 

Islamic Culture, vol. 6,1932, pp. 363-369. logical Doctrines, pp. 128-130. Also S. H. Barani, ibid. 

19. G. Sarton, An Introduction to the History of Science, 
vol. II, Baltimore, 1931, pp. 41-42- 


48 



Chapter IV 

Natural History 


Geology - Mineralogy - 
Botany - Zoology 

The analytical approach of modern science 
during the past few centuries and especially sjnce 
the nineteenth century has eclipsed almost com- 
pletely the knowledge of the unity and inter- 
relatedness of the natural order, a unity to which 
in fact science has turned its back in quest of ever 
more rehned quantitative knowledge. As a result, 
natural history, which embraces the various 
‘kingdoms’ of nature in a global view based upon 
their undeniable organic unity, has been nearly 
forgotten despite the long tradition of natural 
history in the West. Only the catastrophic 
ecological crisis which has come to the surface 
during the past decade has caused a belated 
interest, within certain circles, in natural history 
as the repository of a wisdom concerning nature, a 
wisdom of which the modern world is in pro- 
found need if it is to regain the vision of nature 
as a totality and an organic whole. 

I. On Islamic natural history see S. H. Nasr, ‘Natural 
History’, in M. M. Sharif (ed.), A History of Muslim 
Philosophy, also E. Wiedemann, Aufsatze zur Arabi- 
schen Wissenschaftsgeschichte, 2 vols., Hildesheim, 1970, 
in which numerous articles are devoted to various 
aspects of natural history. 


In Islamic civilization, natural history has 
always played a central role as the integrating and 
all-embracing matrix within which particular 
descriptive sciences of nature have been culti- 
vated, from mineralogy to zoology. It has sought 
to integrate particular forms of knowledge of the 
natural order into universal principles of a meta- 
physical and cosmological nature. And it has 
sought to study nature not only with respect to 
other physical and biological forms and vis-d-vis 
man’s relation to these forms but most of all as the 
‘signs’ or ‘portents’ {dydt) of God to be contem- 
plated rather than simply analyzed.' It has nur- 
tured a perspective which is close to that of such 
Westem scientists as Jean Bodel and John Ray, 
who studied nature as the vestigia Dei and wrote 
on natural history for the ‘glory of God’. 

Muslim writings on natural history range 
from encyclopaedias such as the ‘ Uyun al-akhbdr 
(The Most Essential Injormation) of Ibn Qutay- 
bah^ to the cosmographical compendia of such 
men as al-Qazwini and al-Dimashqi, to historico- 
cosmographical works such as those of al- 

2. The zoological section of this important early encyclo- 
paedia of natural history has been rendered into 
English. See F. S. Bodenheimer and L. Kopf, The 
Natural History Section from a Ninth Century ‘Book of 
Useful Knowledge’, The ‘Uyun al-Akhbar of Ibn 
Outayba, Paris, 1949. 
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Plate 22. .Aristotle teaching. 


Mas‘udi, toiiterary works such as those of al- 
Jahi?, to philosophical treatises such as the Shija' 
{The Book of Healing) of Ibn Sina, in which major 
sections are devoted to the subject. The treatises 
on natural history also vary as to content, some 


3. The Muslims inherited the traditions of natural history 
of both the Greeks, principally Aristotle and Pliny, and 
the Indians and Persians. The latter school emphasi^ed 
likewise the moral and spiritual lessons to be learned 
from nature. This type of natural history was trans- 
mitted to Islam most of all through the Kalilah wa 
Dimnah (The Tales of Bidpat) which was translated 
from Sanskrit into PaihlaYi, from Pahlavi into Arabic 
and from Arabic into Persian and many other languages 
both Islamic and Western. 

4. See S. H. Nasr, An Introduction to Islamic Cosmo- 
logical Doctrines, pp. 4ff.; also Nasr, Science and 
Civilization in Islam, chap. 13. 


emphasizing ilescriptions of nature, others sym- 
bolic and mythological narratives, and yet others 
the cosmological and philosophical aspects of the 
study of nature. But they are all united in their 
interest in the interrelation between natural 
forms, the inner forces {nafs or ‘soul’) which 
govems each kingdom and the signihcance of 
natural forms as guideposts to a knowledge 
beyond the world of nature, this being both 
metaphysical and moral. Muslim natural his- 
torians were thus concerned, beyond their de- 
scriptive studies of animals, plants, rocks and 
mountains, with both the symbolic signihcance 
of the natural world and the lessons man can 
leam morally and spiritually from the study of 
natural forms.® 

The imderlying theme of the works on 
natural history, which recurs over and over again, 
is the ‘three kingdoms’ {mawdlid) and the various 
‘souls’ which dominate, move and determine the 
Iife patterns of each kingdom. The Muslims 
adopted elements from Aristotle and other 
Greek sources and integrated them into a total 
science of the Universe which embraced the whole 
‘chain of being’, beginning with the angels and 
ending with the saint in whom creation returns to 
its source.'* It was in fact Ibn Sina who in his 
Shifd' treated all the three kingdoms systematic- 
ally for the first time in a single work, adding to 
the zooIogicaI studies of Aristotle and the botany 
of Theophrastus his own study of the miner^ 
kingdom which in its Latin version as De Mine- 
ralibus was considered for many centuries in the 
West to be a work of Aristotle."’ 

As for the various souls and their faculties, 
this doctrine was also adopted from the works of 
the AIexandrian commentators upon the De 
Anima of Aristotle but was elaborated and 


5. See E. J. Holmyard and D. C. Mandeville, Avicennae. 
De congelatione et conglutinatione lapidum, being sections 
of the Kitdb al-Shifd', Paris, 1927. Muslims strangely 
enough did not have a thorough knowledge of the 
Botany of Theophrastus, in contrast to the zoological 
works of Aristotle, which they knew well. But that did 
not prevent them from integrating the science of the 
world of plants and animals as envisaged separately by 
the earlier Greek scientists into a whole embracing all 
the three kingdoms. 
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systeinatized by Muslim philosophers, especi- 
ally al-Farabi and Ibn Sina. The Taculty psy- 
chology’ of Muslim philosophers and natural 
historians meant that the life-giving force found 
within nature came from a reality beyond the 
tnaterial world itself. In fact the various ‘souls’ 
are so many aspects and powers of the one World 
Soul which is responsible for the qualitative dif- 
lerentiation between forms and their life patterns. 
Otherwise the material aspect of natural forms is 
no more than so many combinations of the four 
elements, fire, air, water and earth. It is the wed- 
ding of a particular soul to each combination of 
the elements that constitutes its particular charac- 
ter and gives each being its distinct features, just 
as from another point of view the totality of each 
natural form is a reAection of an archetype 
belonging to the spiritual empyrean. 

The various faculties of the souls which 
dominate the three kingdoms can be summarized 
as follows 


WORLD SOUL 


Anirnal soul Veoetat!ve soul 


Powpr of 
rpDrodurtion 


Power of Power o< 

comprehension molion 


Power ol 
growlh 


Minera! scul 


Power ol 
leeding 

Power ol 
consolidaiion 


Power of Power ol 

motion o( desire 

bodv I 


Powet of Power ol 

anger lust 


Each mineral, plant and animal possesses 
some of these faculties and grows in perfection to 
the degree that these faculties become more fully 
manifest in it. Only in man are all these faculties 
present in their fullness in addition to the 
‘rational faculty’ (al-nafs al-ndtiqah) which dis- 
tinguishes man from the animals in a funda- 
mental and not just an accidental manner. 

Geology 

The home of the above-mentioned king- 
doms is the earth, so Muslim natural historians 
usually turned to a study of geology before dis- 
cussing any of the three kingdoms. It is sur- 
prising to realize how many geological observa- 
tions and ideas which came to be substantiated 
during later centuries were already known to 
Muslims. Of course the Muslim scientists never 
operated within a deistic world in which the 
hands of God were, so to speak, cut off from His 
creation. They therefore did not need to have re- 
course to such hypotheses as uniformitarianism 
and ‘horizontar biological evolution, which par- 
ade as scientihc ‘facts’ today but which are in 
reality a means by which secularized man lills the 
gap created by his banning of the Divine Cause 
from the natural order. 

Muslim writings on geology, which are 
usually found in the same sources as those of 
natural history and of course also in works on 
mineralogy, show a clear understanding of the 
gradual character of geological change, of the major 
transformations which have taken place on the 
surface of the earth, including the changing of 
lands into sea and of sea into land, of the impor- 
tance at the same time of many cataclysms such as 
violent earthquakes, which have transformed the 
sculpture of the surface of the earth, and of the 
importance of rocks as a record of the earth’s geo- 
logical history.’ Concerning the importance of 
records contained in rocks, al-Biruni, one of the 
foremost of Muslim geologists, writes, ‘We have 


6. The most extensive treatment of the various faculties in 
Islamic sources is to be found in the Tabi‘iyydt of the 
Shifd’ of Ibn Sina. See J. Bakos, La psychologie 
d’Avicenne, Prague, 1956. Also E. Gilson, ‘Les 
sources grĕco-arabes de l’augustinisme avicennant’, in 
Archives d’Histoire Doctrinale et Litteraire du Moyen 
Age, vol. IV, 1929, pp. 5-149. See also Nasr, ‘Natural 
History’,p. 1326. 

7. On the main geological ideas of the Ikhwan a]-Safa’, 
al-Biruni and Ibn Sina see Nasr, An Introduction to 


Islamic Cosmological Doctrines, pp. 87-88; 141-144; 
244-246. 

As far as earthquakes are concerned many special 
works have been devoted to them. See for example 
Jalal al-Din al-Suyuti, Kash/ al-salsalah ‘an wa^ al- 
zalzalah, ed. by ‘Abd al-Latif al-Sa‘dani, Fez, 1971. 
Translated with annotations by S. Najjar as ‘Kashf 
ac-calcala ‘an wacf az-zalzala (Traitĕ du tremblement 
de terre)’, Cahiers du Centre Universitaire de la Recherche 
Scientiftque (Rabat), no. 3,1973-74. 
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to rely upon the records of rocks and vestiges of 
the past to infer that all these changes should have 
taken place in very very long times and under un- 
known conditions of cold and heat.’® 

Muslim students of geology were also fully 
aware of the origin of fossils. Usually in Westem 
histories of geology and palaeontology it is men- 
tioned that after millennia of confusion concern- 
ing the origin of fossils, suddenly in the I2th/i8th 
century a clear scientihc explanation was pro- 
vided. Actually nothing could be further from the 
truth if Islamic sources are taken into account. 
The Epistles of the Brethren of Purity written in 
the 4th/ioth century had already described fossils 
as remains of sea animals which had become petri- 
fied in a place which is now land but which had 
been a sea in bygone ages. 

Similarly, Muslim scientists were fully 
aware of many major geological phenomena such 
as weathering, the difference in the degree of 
resistance of various mountain formations to the 
weathering process, the accumulation of sand 
created by wind and water in their endless action 
upon rocks, and finally the coming into being of 
sedimentary rocks through this process. Ibn Sina 
described carefully his own observations along 
the banks of the River Oxus conceming the 
gradual petrification and solidification of clay, 
and explained the formation of sedimentary rocks 
correctly.'* 

Perhaps the most remarkable geological 
observation ever made by a Muslim scientist, 
however, is al-Biruni’s identification of the 
Ganges Plain in India as a sedimentary deposit. 
After studying extensively all aspects of India 
including its natural forms al-Biruni wrote in his 
unique work Tahqiq md iri-hind (India): ‘One of 
these plains is India, limited in the south by the 
above-mentioned Indian Ocean, and on three 
sides by lofty mountains, the waters of which 
flow down to it. But if you see the soil of India 
with your own eyes and meditate on its nature, if 
you consider the rounded stones found in the 
earth however deeply you dig, stones that are 
huge near the mountains and where the rivers 
have violent current, stones that are of smaller 

8. Z. Validi Togan, Biruni’s Picture of the World, Memoirs 
of the Archaeological Survey of India, vol. 53, Calcutta, 
1937-1938, PP. 57-58. 

9. See N, Sate‘ al-Hosri, ‘Les Idĕes d’Avicenne sur la 
gĕologie’, Millinaire d’Avicenne, Congris de Baghdad, 
1952, pp. 454-463. 


size at a greater distance from the mountains and 
where the streams flow more slowly, stones that 
appear pulverized in the shape of sand where the 
streams begin to stagnate near their mouths and 
near the sea - if you consider all this, you can 
scarcely help thinking that India was once a sea, 
which by degrees had been filled up by the 
alluvium of the streams.’^® 

One cannot discuss geology among Mus- 
lims without mentioning their special interest 
in underground waters and water systems. This is 
particularly true of Persia where Islam inherited 
the vast underground water system (qandts) from 
the Sassanids. But Muslim scientists did not 
remain content simply with the practical applica- 
tions of'this system to agriculture. They also 
made scientific studies which are related to both 
hydrology and geology, one of the most remark- 
able being that of al-Karaji (usually known as 
al-Karkhi). “ In the work of al-Karaji, as in similar 
treatises, one observes that wedding between 
theoretical and practical knowledge and also 
between various disciplines ranging from mathe- 
matics to geology which characterizes Islamic 
science in all its major facets. 


Mineralogy 

The study of the three kingdoms usually 
begins with mineralogy, which in Islam is 
closely interrelated with alchemy, chemistry and 
metallurgy on the one hand and medicine on the 
other. Works concerned with mineralogy in 
various Islamic languages are usually lapidaries 
with numerous references not only to mineralogy 
but also to petrography and metallurgy. More- 
over, works on alchemy are also concerned with 
mineralogy, and often it is not easy to draw a 
clear distinction between them. Even the term 
hajar (stone) which is used in the title of many 
lapidaries also refers to the Philosophers’ Stone 
and is as much of a petrographical term as an 
alchemical one. 

The Muslims inherited a vast literature on 
mineralogy and related fields from the Greeks, 
Persians and Indians, works or fragments associ- 

10. Alberuni’s India, trans. by E. C. Sachau, London, 1910, 
vol. I,p. 198. 

11. See al-Karagi (Mohammad), La civilisation des eaux 
cachees, traduit par A. Mazahĕri, Nice, 1973. 
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ated with such names as Sokatos, Xeuskrates, Bolos 
Demokritos and Alexander of Tralles, as well as 
Zoroaster, Jamasp and Manuchihr. Moreover, 
such important medical and pharmacological 
sources as Dioscorides and Galen, and religious 
works such as the Pahlavi Ddtdstdn-i dĕnik, served 
also as sources of knowledge of mineralogy among 
Muslims. But the two most important and 
inAuential works which determined much of the 
colour of lapidaries written by Muslims are the 
Lapidary of Aristotle, which exists in many recen- 
sions,*^ and the pseudo-Aristotelian Kitdb sirr 
al-asrdr, whose Latin translation by Roger Bacon 
under the title of Secretum Secretorum was well 
known in the West. Both works are compilations 
from Persian, Syriac and Greek sources of late 
Antiquity having little to do with the mineralogy 
of the immediate school of Aristotle. Both deal 
primarily with the occult properties of sub- 
stances, especially minerals.^® 

Works written by Islamic scientists and 
scholars on mineralogy and related helds begin in 
the 3rd/9th century with two treatises by the 
philosopher-scientist al-Kindi, Risdlah fi anwd‘ 
al-jawdhir al-thaminah wa ghayrihd {Treatise on 
Various Types of Precious Stones and Other 
Kinds of Stones) and Risdlah fi anwd^ al-hijdrah 
wa’l-jawdhir (Treatise on Yarious Types of Stones 
and Jewels). Al-Kindi also wrote an important 
treatise on metallurgy and the art of making 
swords, this being the hrst book of its kihd in 
Arabic.^'* These works were followed by treatises 
on the subject of minerals and stones by al-Jahiz, 
Nasr ibn Ya‘qub al-Dinawari, the philosopher 
and physician Muhammad ibn Zakariyya’ al- 
Razi, the Ikhwan al-Safa’, who devoted one of 
their Epistles to it, and Muhammad ibn Ahmad 

12. See J. Ruska, Das Steinbuch des Aristoteles, Heidelberg, 
1912. 

13. On the sources for Muslim mineralogical works see 
M. Ullmann, Die Natur- und Geheimwissenscha/ten im 
Islam, Leiden, 1972, pp. 95ff. 

14. The treatise is called Risdlah fi anwd‘ al-suyuf al-hadid 
{Treatise on Yarious Kinds of Steel Swords). See A 
Treatise on Swords and Their Essential Attributes, a 
Rare and Original Work of al-Kindi, the Great Arab 
Philosopher, ed. by R. M. N. Ehsan Elahie, Lahore, 
1962. 

15. For a scholarly and thoroughly documented history of 
mineralogy among Muslims see Ullmann, op. cit., 
pp. I i4ff. 


al-Tamimi whose Kitdb al-murshid {The Guide- 
Book) is a major work on minerals, stones and 
metals and is quoted by numerous later authors.^^ 

But the most outstanding works in this 
field belong to Ibn Sina and al-Biruni. The first 
dealt extensively with the process of generation 
and the description of metals and minerals and 
their classihcation in his Shifd’ (The Book of 
HealingY^ and also in the second book of the 
Qdnun (Canon); the second wrote the Kitdb 
al-jamdhir fi ma'rifat al-jawdhir (The Book of the 
Multitude of Knowledge of Precious Stones), which 
is considered by many as the most notable Muslim 
work on the subject.^^ In this unique work, al- 
Biruni combines the philological, mineralogical, 
physical, medical, and even philosophical ap- 
proaches, and he studies minerals from all these 
points of view. He even makes careful measure- 
ments of the specihc weights of minerals, some- 
thing which belongs more to the realm of physics 
than mineralogy and which we shall therefore 
treat later, in our chapter on physics. 

Contemporary with il-Biruni in the late 
4th/ioth and the 5th/iith century studies on 
mineralogy began to appear in the Maghrib, where 
Maslamah ibn Waddah al-Qurtubi al-Majriti 
devoted a major section to minerals in his Rawdat 
al-hadd’iq wa riydd aThaqd’iq (The Garden of 
Gardens and Meadow of Truths). Even the great 
Andalusian Sufi Ibn ‘Arabi devoted a chapter to 
the esoteric qualities of stones in his Tadbirdt 
al-ildhiyyah fi isldh mamlakat al-insdniyyah 
(Divine Measures for the Restoration of the 
Human Kingdom). 


16. See Holmyard and Mandeville, De congelatione et 
conglutinatione lapidum. Ibn Sina divided minerals into 
four classes {agsdm): stones {ahjdr), sulphurs {kabdrit), 
salts {amldh) and solubles {dhd’ibdt). 

17. For this reason numerous studies have been devoted to 
various aspects of this work. See for example, F. Kren- 
kow, ‘The Chapter on Pearls in the Book of Precious 
Stones by al-Biruni’, Islamic Culture, vol. 15, 1941, 
pp. 399-421; and vol. 16, 1942, pp. 11-36; and Taki 
al-Din al-Hilali, ‘Die Einleitung zu al-Birunis Stein- 
buch’, in Sammlungen orientalistischer Arbeiten, Heft 7, 
Leipzig, 1941. For other studies on this work see 
Ullman, op. cit., p. 121, ft. nt. i; and S. H. Nasr, 
al-Biruni: An Annotated Bibliography, Tehran, 1974, 
pp. 87-94. 
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Work on mineralogy continued in the 6th/ 
i2th and yth i^th centuries with treatises by 
such men as Abu’l-‘Abbas al-Tifashi, Nasir 
al-Din al-Tusi and Abu’l-Qasim al-Qasani (Ka- 
shani).^' Likewise, the compilers and cosmo- 
graphers who followed, such men as al-Qazwini, 
Hamdall^ Mustawh, Shams al-Din al-Akfani, 
Ibn al-Athir, Ibn al-Jawzi and Da’ud al-Antaki all 
devoted sections of their writings to mineralogy, 
drawing mostly from the earlier sources of the 
4th lothandyth iithcenturies. 

Even after the Muslim world became 
divided into several empires, works in this field 
continued, often of a more local character, but 
nevertheless based on the earlier sources, which 
were widely known throughout the Islamic 
world. In the ^th/i^th century the Persian 
scientist Muhammad ibn Mansur Shirazi, who 
lived in India, wrote a treatise in Persian on 
precious stones, and in the I2th/i8th century the 
Persian Suii and scholar Shaykh ‘Ali Hazin, who 
had also migrated to India, continued this tradi- 
tion with another Persian work, this time on 
pearls. In the Ottoman world also works of this 
kind were written, such as the treatise of Yahya 
ibn Muhammad al-GhafIari, in Turkish but based 
on the text of Tusi, and that of Muhammad ibn 
al-Mubarak al-Qazwini, written in Persiat- for 
Sultan Selim I. In Persia itself most of the intaest 
in mineralogy in this later period was in the 
direction of either medicine or alchemy. As for the 
Maghrib a major work on the subject appeared in 
the iith/iyth century by Imam Ahmad al- 
Maghribi, who drew heavily upon al-Antaki. This 
tradition has survived to this day in the Islamic 
world in ‘folk’ medicine, in the use of jewels and in 
many other aspects of daily living, while the theo- 
retical foundations of this ancient science of 
minerals became gradually replaced by modern 
theoriesinthe I3th/i9th century. 

The Muslim lapidaries are based on a view 
of the Universe very different from that of modern 
science and cannot be understood if seen only 
from the perspective of a purely quantitative 
science. In these works the qualitative aspect of 
stones is as real as their quantitative aspect. The 

i8. Both Tusi and Kashani wrote in Persian, the first the 
Tanksukhndma-yi llkhdni {The ll-khdnid Treatise on 
Mineralogy) and the second ‘Ard’is al-jawdhir wa 
nafd’is al-atdyib (Brides o/Jewels and Gems qf Delicacies) 
which also contains an important section on the tech- 
nology of tiles. But it seems that both works are based 
on an earlier 5th/i ith century model. 


colour, brilliance, texture and form of a stone 
belong as much to its ontological reality as do its 
weight or size. Moreover, there is a sympatheia 
between various orders of being which cannot be 
reduced to external, measurable relations and 
which determines the role of certain stones in 
calming the soul or causing joy or evoking other 
psychological states. If these treatises wander 
from ‘scientific’ descriptions of a particular stone 
to occult properties which appear as fantasy from 
the point of view of modem science, it is precisely 
because modem man has lost sight of that 
sympatheia between various objects and levels of 
cosmic existence which causes interactions and 
effects to take place, effects which cannot be 
determined by quantitative means alone. The 
‘science of the properties of things’ was never 
limited in the Muslim mind to what was measur- 
able, although it naturally included this aspect of 
things. Rather, the ‘science of the properties of 
things’ {‘ilm khawdss al-ashya'), which is so 
closely interwoven with mineralogy, is based on a 
vast vision of reality according to which the out- 
ward and the inward, the manifest and the occult 
aspects and properties of things, are all real and 
react with each other and with man in a Universe 
through whose arteries the Spirit never ceases to 
flow. 

Botany 

As in mineralogy so in botany the Muslims 
inherited a vast body of knowledge from Greek, 
Roman, Babylonian, Persian and Indian sources 
which they synthesized and made the basis for 
their own studies of the plant world. Muslim 
interest in plants was extensive for both agricul- 
tural and medical reasons. In fact in the earliest 
Muslim works on the sciences such as the Kitdb 
al-hudud {The Book of Limits) of Jabir ibn 
Hayyan, botany {‘ilm al-nabdt) and agriculture 
{‘ilm al-fildhah) are classihed together and only 
later appear as separate sciences. Likewise, the 
earliest pharmacological studies are inseparable 
from the study of botany.'** Moreover, Muslim 
studies on botany range from the most ‘scientihc’ 
descriptions to the study of the occult properties 

19. On the history of Islamic botany see H. F. Meyer, 
Geschichte der Botanik, vol. III, Konigsberg, 1856; 
F. Sezgin, Geschichte der Arabischen Schrifttums, vol. 
IV, Leiden, 1971, pp. 303!?.; M. Ullmann, Die Natur- 
und Geheimwissenschaften in Islam, pp. 62ff. 
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of plants, as well as their symbolic and spiritual 
signiAcance in the cosmos. 

The most important pre-Islamic sources 
from which Muslim botanists drew information 
include the Book of Agriculture of Pseudo- 
Apollonios, an agricultural treatise attributed to 
Demokritos, the works of Aristotle and Theo- 
phrastus, the famous and inAuential De Plantis 
also attributed to Aristotle, the pharmacological 
works of Dioscorides and Galen, as well as the 
writings of Apollonios of Tyana. Of special 
signihcance for the rise of both botany and 
agriculture is the Nabataean Agriculture of Ibn 
Wahshiyyah, concerned with ancient agricul- 
tural practices of the Near East combined with 
considerations belonging to the occult sciences, a 
work which exercised an immense inAuence upon 
later Muslim authors.-" Mention must also be 
made of Persian botanical knowledge, which 
reached the Muslims through both oral trans- 
mission and the pharmacopoeia. 

Islamic works on botany begin in the 
2nd/8th century with the treatises of Jabir ibn 
Hayyan on botany and agriculture. Also the 
philologists and grammarians of this period such 
as Abu Nadr ibn Shumayl and Abu Zayd al- 
Ansari from Basra and Ibn al-Sikkit from Kufa 
were interested in plants and assembled informa- 
tion about their morphology and properties as 
well as names. Of a similar nature is the Kitdb 
al-nabdt wa’Tshajar {The Book of Plants and 
Trees) of Abu Sa‘id al-Asma‘i. 

From the ^rd/^th century onward medical 
works in Arabic also begin to appear with impor- 
tant sections devoted to plants and their medical 
benehts. The Pirdaws al-hikmah (Paradise of 
Wisdom) of ‘Ali ibn Rabban al-Tabari is note- 
worthy from this point of view as are several 
treatises of Hunayn ibn Ishaq and during the 
following century of Razi, Ibn Juljul and ‘Ali ibn 
‘Abbas al-Majusi. 

But the most important botanical treatise 
of the 3rd 9th century is probably the Kitdb 
al-nabdt {The Book of Plants) of Abu Hanifah 
al-Dinawari. This work, which combines a 
philological, historical and botanical approach in 

20. There is a strange combinadon of astrology, magic and 
botany in this work which has attracted many Westem 
as well as Muslim scholars to its study. For a summary 
of present-day knowledge of Ibn Wahshiyyah see 
Sezgin, op. cit., pp. 318-329. See also J. Hammer- 
Purgstall, Ancient Alphabets and Hieroglyphic Charac- 
ters Explained, with an Account of tke Egyptian Prtests, 
their Classes, Initiation and Sacrijices, London, 1806. 


its study of plants, is marked by its thoroughness 
and the care taken in the description of each speci- 
men. It was read widely by later authors and has 
been quoted numerous times over the centuries. 

In the 4th/ioth century several philo- 
sophical studies of plants appeared. The Ikhwan 
al-Safa’ devoted one of their Epistles to the 
morphology, genesis and manner of growth of 
plants as well as the numerical symbolism of their 
various parts and their place in the total cosmic 
order. Likewise, Ibn Sina in the seventh chapter 
(fann) of the TabViyydt {Natural Philosophy) of 
his Shifd’ {Book of Healing) dealt extensively with 
plants from both a philosophical and scientihc 
point of view.^‘ In Spain also the philosophers 
were interested in botany. Ibn Bajjah was an 
authority in this field and wrote two works on the 
subject, the Kitdb al-tajribatayn {The Book of the 
Two Experiences) dealing with the medical proper- 
ties of herbs and the Kitdb fi’l-nabdt {The Book on 
Plants) with their physiology. Even Ibn Rushd 
had a special interest in botany and wrote a 
commentary on the De Plantis. 

Andalusia and the Maghrib in general 
were also witness at this time to a series of major 
works related to plants, but from either the 
agricultural point of view, as with Ibn al-‘Awwam, 
or the pharmacological perspective, as with al- 
Ghafiqi and Ibn al-Baytar. But these works are so 
important for botany itself that they must be 
mentioned here, although they are concerned, 
properly speaking, with other disciplines. These 
works systematized Muslim botanical knowledge 
up to the 6th/i2th and yth/i^th centuries and are 
especially strong in their descriptions of the flora 
of Andalusia. Similarly in works that appeared at 
the same time in the eastem lands of Islam 
emphasis is naturally placed upon the flora of 
those regions. For example, the Kitdb aTi‘tibdr 
{The Eastern Key) of ‘Abd al-Latif al-Baghdadi^^ 
is particularly rich in its description of the plants 
ofEgypt. 

Plate 25. The opening page of the treatise on simples (drugs) by Ibn 
a!-Baytar. 

Plate 27. An illustration of an anthropomorphous Aower from a Pcrsian 
botanical treatise. 

Plate 28. Vine from a Persian botanical treatise, 

21. Ibn Sina of course also dealt with plants in his pharma- 
cological studies as did al-Biruni in his al-Saydalak. 
But these works will be treated later in the chapter on 
medicine. 

22. See The Eastern Key - Kitdb al-ifddah wa'l-i‘tibdr of 
‘Abd aTLatif al-Baghdddi, trans. by Kamal Hafuth 
Zand and John A. and Ivy E. Yideau, London, 1965. 


56 






Plate 25 










Plate 26. An illustration ofa varict>- of sorrcl. 





Piate 27 


Plate 28 
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Plate 29. An illustration of thc iris and white lilv 
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From the 8th/i4th century onward com- 
pilations of earlier studies and encyclopaedic 
works began in botany as in so many other helds 
of the Islamic sciences. The encyclopaedias of 
al-Qazwini, Shams al-Din al-Nuwayri, Ham- 
dallah Mustawli, the Tuhjat al-‘ajd’ib {The Gift of 
Wonders) attributed to Ibn al-Athir, al-Juzuli, 
‘Umar ibn al-Wardi and many others devote 
special chapters to the study of plants, basing 
themselves mostly on the earlier studies mentioned 
above. 

During the later Islamic centuries, the most 
important works of botany appeared mainly in 
Persian but also in Arabic and occasionally Urdu 
in the Indian sub-continent, where the profusion 
of vegetation offered a new opportunity for Mus- 
lim botanists to add a fresh chapter to the history 
of Islamic botany. Most of these later works have 
been neglected until now by the outside world, and 
even by scholars of other Muslim countries. But 
they display by their number as well as quality the 
richness of this later phase of botany which. 



Plate 30. The tapping of a balsam tree. 


while basing itself on the ideas of earlier Islamic 
botany, found itself in a new environment with a 
richness of flora and fauna not encountered by the 
earlier masters of this science who were ac- 
customed to the drier climates and less varied 
plant life of Persia and the Arab lands. 

Muslim studies on botany deal mostly with 
such questions as the classiAcation of plants, their 
physiology, genesis and modes of growth, the 
description of their parts, their relation to geo- 
graphical and climatic conditions and their medi- 
cal as well as ‘occult’ properties. Also Muslim 
authors insisted upon studying the plant world 
with the aim of drawing spiritual and moral 
lessons from it as well as of contemplating its 
forms as parts of the vestigia Dei. It is noteworthy 
to remember the importance of plants in the 
Islamic paradise, the participation of plants in the 
resurrection discussed so extensively by Mulla 
$adra and others and the role of stylized plants in 
the sacred art of Islam. The spiritual signiAcance 
of trees and Aowers in Persian and Spanish gar- 
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dens, or in Arabic and Persian poetry, as well as in 
other aspects of Islamic art and in fact in the 
general life of Muslims, is inseparable from those 
aspects of botany which deal with the physical 
and medical properties of herbs. It is in fact all of 
these aspects together, from the most outward 
physical descriptions to the esoteric signihcance 
of the tree of Paradise, which together constitute 
the science of plants Cilm al-nabdt) as it came into 
being and developed in the Muslim world over the 
centuries. 

Zoology 

'Phe study of zoology in its broadest sense 
among Muslims involves nearly every facet of 
Islamic civilization, from jurisprudence to litera- 
ture and from art to medicine. Not only did the 
Muslims have an intimate acquaintance with the 
life and habits of domesticated animals, which in 
fact provide to this day the basis for the life of 
nomads - whether they be in Morocco, Arabia, or 
Persia - but they also lived with the animal king- 
dom in an intimacy which permitted its world to 
enter the inmost chamber of Islamic spirituality 
as expressed in art and literature and as depicted 
religiously in the role played by animals in both 
the SharCah and in eschatology. The very act of 
sacrihce, through which alone a Muslim can teed 
upon the animal kingdom, has sanctihed animal 
life for Muslims, and the injunctions of the 
SharVah have placed many duties and responsi- 
bilities upon the shoulders of man in his treat- 
ment of animals. And even beyond everyday life 
and their utility to man animals play an important 
role in the Islamic paradise and also in this world 
as symbols of various spiritual realities and as theo- 
phanies. Many Westem scholars have assumed 
that since Muslims did not produce systematic 
works on zoology, they lacked substantial know- 
ledge of the animal kingdom. Such a superhcial 
judgment limits the study of animals solely to the 
model developed later in the West. It is as if one 
were to say that the American Indians knew 
nothing about eagles because they did not write 
treatises on their anatomy, whereas in reality 
their knowledge of what an eagle really is tran- 
scends inhnitely all the zoological treatises written 
on this solar bird. The same is true mutatis 
mutandis of Islam, although Muslims in addition 
to their symbolic study of animals also did write 
‘scientihc’ treatises about them. 

The pre-Islamic Arabs already had much 
knowledge of certain animals such as the camel 


% 

and the horse, as did the Persians, who were also 
to make major contributions to zoological studies 
during the Islamic period. The Muslims in 
general inherited three different traditions con- 
nected with the animal kihgdom: the pre-Islamic 
Arabic, the Graeco-Alexandrian and the Indo- 
Persian. The early Arabic tradition combined 
interest in animals with questions of philology 
and genealogy. The Graeco-Alexandrian sources 
included a treatise on zoology attributed to 
Hippocrates, the Historia animalium of Aristotle 
translated into Arabic by Yahya ibn al-Bitriq, the 
treatise on animals of Theomnestos of Magnesia, 
the Sirr al-khaliqah (The Book of the Secret of 
Creatures) attributed to Apollonios of Tyana and 
certain Byzantine works. 

The Indo-Persian tradition differed pro- 
foundly from the Greek, especially from the 
detailed descriptive and analytical works of 
Aristotle. The Oriental sources on animals were 
more concerned with the spiritual and moral 



Plate 31. The lion and ihe jackal from the Kalilah tea Dimnah. 
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Plate 31. Elephants from thc Kalilah via Dimnah. 
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significance of animal life than the anatomy and 
classihcation of animals. The main work belong- 
ing to this tradition, namely the Kalilah wa 
Dimnah {Tales of Bidpai), which became a major 
literary masterpiece of both Arabic and Persian, 
reveals clearly the concem to leam not only about 
but also from animals and to study animals as 
creatures who share in man’s ultimate destiny and 
who have much to teach man concerning the 
wisdom of God and man’s duties on earth. 

The Islamic tradition of zoology came into 
being by unifying the traditions Islam inherited 
from the Greeks, the pre-Islamic Arabs and the 
Indo-Persian world.-® The earliest works dating 
from the 2nd/8th century were mostly lexico- 
graphical in nature and were concerned especially 
with camels and horses. During the 2nd/8th and 
3rd/9th centuries, philologists from both Basra 
and Kufa, men like Abu Nadr ibn Shumayl, al- 
Asma‘i, Ibn al-A‘rabi, Abu ‘Ubayd ibn Sallam 
and Abu Hatim al-Sijistani, all wrote on zoology.-^ 
Likewise, many of the Mu‘tazilite theologians of 
this period, such as the well-known hgures Bishr 
ibn al-Mu‘tamir and Abu Ishaq al-Nazzam, 
showed special interest in zoology. 

But of course the ibremost Mu‘tazilite 
author who wrote on zoology was the celebrated 
literary figure al-Jahiz, whose Kitdb al-hayawdn 
(The Book of Animals) is the most famous of its 
kind in Islam. Al-Jahiz assembled all the know- 
ledge that existed before him from Arabic and 
Persian as well as Greek sources. He knew the 
studies of Aristotle and in fact referred to him and 
even criticized him. For al-Jahi? the goal of the 
study of zoology could not but be the demonstra- 
tion of the existence of God and the wisdom 
inherent in His creation. Al-Jahiz made of zoology 
a branch of religious studies without, however, 
remaining oblivious to natural and scientihc 
observations of the animal kingdom. He studied 
about 350 animals, which he described and classi- 
fied into four categories according to the way they 
move. He was also, like Aristotle, much interested 

23. On the sources and history of zoology among Muslims 
see 'hayawdn' by Ch. Pellat et al. in the new edition of 
the Encyclopaedia of Islam; F. Sezgin, Geschichte des 
Arabischen Schri/ttums, vol. III, pp. 343ff.; and 
M. Ullmann, Die Naiur- und Geheimwissenscha/ten im 
Islam, pp. 5-60. 

24. During the same period Jabir ibn Hayyan also wrote a 
treatise on animals which is, however, lost and known 
only through citations from it in later works. 


in animal psychology. In fact had his treatment of 
animals been more orderly he would have been 
worthy - to quote Pellat, the well-known modern 
Western authority on him - to stand as one of the 
foremost contributors to the science of zoology 
along with Aristotle and Buffon.“'^ 

The philosopher al-Kindi was also in- 
terested in zoology and wrote several treatises on 
animals, as was his successor al-Farabi, who in his 
classihcation of the sciences considered zoology 
as an independent discipline. But in the 3rd/9th 
and early 4th/ioth century the most important 
contributions to zoology still came from compilers 
and natural historians rather than philosophers. 
This was the pcriod when Ibn Qutaybah wrote his 
'Uym dl-akhbar (The Most Essential Information) 
with an important section devoted to zoology“ 
and when the "Ajaib al-hind of Buzurg ibn 
Shahriyar Ramhurmuzi described for thc first 
time in the Islamic world many exotic animals 
belonging both to the Indian world and to the 
mythology connected with that world. This is also 
the period when the inAuential Kitdb nu‘ut 
al-hayazvdn {Thc Book oj the Qualities of Animals) 
attributed to Aristotle was assembled. 

From the middle of the 4th/ioth century 
onward, however, philosophical works became 
the main repository for zoological studies. One of 
the longest epistles of the Ikhwan al-Safa’ is de- 
voted to animals. In this important treatise the 
Ikhwan make a profound study of animals in the 
total chain of being and also classify them accord- 
ing to several criteria, including the number of 
senses each animal has developed, the way each 
species is generated and the habitat of each 
species. They also analyze in detail the organs of 
many animals according to a perspective which is 
thoroughly teleological and which combines the 
approach of Aristotle with that of the Indo- 
Persian sources.” Moreover, they devote a long 
section, exceptional in length alone within all the 
epistles, to ‘the dispute between man and the 
animals’. This beautifully written story, which is 

25. SeePellat, op. df., p. 312. 

26. See F. S. Bodenheimer and L. Kopf, The Natural 
History Section from a ^th Century ‘Book of Useful 
Knowledge’. 

27. See Nasr, An Introduction to Islamic Cosmological 
Doctrines, pp. 93-95. 
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extremely timely today in the light of the eco- 
logical crisis, discusses the reasons given by man 
for his right to dominate and destroy the animal 
kingdom, and the response of the animals, which 
nullihes all the arguments of man based upon his 
purely human advantages such as the power of 
ratiocination or invention. Only when animals see 
that among men there are saints, who in returning 
to God also fulfil the deepest purpose of the 
creation of the animal kingdom, do they agree to 
obey man and to serve him." The moral of the 
story is that man has the right to dominate 
animals only on condition that he remain con- 
scious of his vice-gerency {khildfah)y of his being 
God’s representative on earth and from another 
point of view the representative of all earthly 
creatures before God. Otherwise, he has no 
cogent reason whatsoever to rule and dominate 
other creatures and in fact will pay dearly for 
usurping a function to which he is not entitled 
save as the child of that Adam who, as the Holy 
Quran asserts,'^* was taught the ‘names’ of all 
things. 

The philosopher Ibn Sina also devoted a 
major section of his Shifd' (The Book of Healing)^ 
namely the eighth chapter of the ‘Natural Philoso- 
phy’ {Tabi‘iyydt), to animals, and dealt especially 
with animal psychology and their physiology.^" 
Also in Spain both Ibn Bajjah and Ibn Rushd 
were interested in zoology, the first having written 
a separate treatise on zoology and the second 
commentaries upon the De Partibus animalium 
and De generatione animalium of Aristotle. 

As in botany so in zoology, from the late 
7th/i3th and early 8th/i4th centuries there began 
to appear a series of encyclopaedic works with 
major sections devcted to animals. In fact this was 
the beginning of a very active period in the com- 
position of notable works devoted to zoology.®' 
Al-Qazwini, in his cosmography, devoted a 
special section to animals, in which he divided the 
animal kingdom according to each animaPs means 
of defence. Likewise al-Dimashqi, al-Nuwayri, 
al-Jildaki in his Durrat al-ghawwds {The Pearl of 


28. See Ikhwan al-§afl’, Dispute between Man and the 
Animals, trans. J. Platts, London, 1869. 

29. ‘And He taught Adam all the names.’ Quran, II, 31. 

30. This section became lamous in the West as an indepen- 
dent work under the titlc Abbreviatio Avicennae de 
animalibus, translated by Michael Scot. 


the Pearl-Diver), Hamdallah MustawA, Ahmad 
ibn Yahya al-‘Umari in his Masdlik al-absdr 
{Voyages of the Eyes), the anonymous Tuhfat al- 
‘ajd'ib wa turfat al-ghard'ib {Gift of Wonders and 
Present of Maruels), ‘Ala’ al-Din al-Juzuli in his 
Matdli' al-budur {Ascensions ofthe Eull Moon) and 
al-Qalqashandi in his Subh al-a‘shd' {Dawn for 
the Weak-Sighted), all devoted notable sections to 
the study of animals. 



Plate 34. Birdsof India rrom the Babnr-mmah. 


31. We do not mean to imply that after Ibn Rushd no 
specilic treatises on animals appeared, as the well- 
known Jabdyi' al-hayawdn {On the Nature of Animals) 
of Sharaf al-Zaman al-Marwazi and Mandfi' al- 
hayawdn {The Uses of Animals) of Ibn al-Durayhim 
show. The encyclopaedic and cosmographic type of 
work became, however, the main vehicle for natural 
history from the 8th/ i^th century onward. 
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Plate 35. A buz/.arJ by .MaiibUr. 

Plaie 36. A pariridge by Muliammad ‘Alim. 
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The foremost Muslim work of the later 
period, however, is the Haydt aThayawdn al-kubrd 
:. The Great Book on the Life of Animals) of Kamal 
al-Din al-Damiri written in the late Sth/i^th 
century.'^^ This work, which systematized all the 
studies which had preceded it, soon became, after 
the work of al-Jahiz, the most popular Muslim 
treatise on animals and was translated into Persian 
and Turkish. Al-Damiri did not attempt a new 
classihcation of the animal kingdom, but in an 
orderly fashion made a study of the philological 
aspects of the names of animals, their religious 
and juridical status according to the Shari‘ah, 
traditions relating to them, their medical benehts 
and even magical use and signihcance in the 
interpretation of dreams. Because of its thorough- 
ness and the combining of the religious, literary 
and scientihc perspectives in studying animals, 
the Haydt al-hayawdn soon found a special place 
among Muslims. It was read by yodng and old 
alike, in order to leam of the wisdom of God and to 
gain better acquaintance with the animal world. It 
was consulted even for juridical purposes for the 
specihc religious reason of knowing more about 
animals mentioned in the Holy Quran.'’'* It was a 
source of folklore and hnally an inspiration for 
numerous artists who illustrated its text Al- 
together al-Damiri’s work is the most corr.j'lete 
and systematic extant work on zoology in the 
Islamic world. 

During the last four or five centuries some 
treatises on zoology have appeared in Persian and 
Turkish as weTl as Arabic'*^ all written in the 
classical heartland of the Islamic world, but in this 
as in other domains of natural history the most 

32. Numerous studies have been devoted to this work by 
J. de Somogy. See for example, ‘Ad-Damiri’s Hayat 
al-hayawan. An Arabic Zoological Lexicon’, Osiris, 
vol. 9,1950, pp. 33 - 43 - 

33. The Egyptian scholar Jalal al-Din al-Suyuti made a 
poetic summary of this work which was translated into 
Latin and incorporated into the Hierozoicon composed 
in 1663. This latter work tried to study the animals 
which are mentioned in the Bible in the same way that 
al-Damiri had done for those mentioned in the Quran 
and Islamic traditions. 

34. Notable among Arabic works of the later period is the 
Kitdb al-mustatraf {The Book of Novelties) of Muham- 
mad ibn Ahmad al-Ibshihi with a long section devoted 
toanimals. 

35. See M. A. Alvi and A. B.zh.mdoa,Jahangir - the Natura- 
list, New Delhi, 1968. The study of animals by Muslims 


interesting new works of this period belong to 
India. The Mogul Emperor Jahangir himself 
devoted sections of his Tuzuk-i Jahdngiri or 
Jahdngir-ndmah {The Book of Jahdngir) to natural 
history. Of these the most noteworthy concerns 
animals, which he described carefully.®“ His 
studies were made more valuable by the fact that 
miniaturists who were at the Mogul court, es- 
pecially Mansur, drew miniatures of these same 
animals, producing works of great beauty which, 
without being naturalistic,*® captured the inner 
qualities and the very genius of the species in 
question. The illustrations to the descriptions in 
works such as those of Jahangir (although of an 
earlier period) are the first forms of Persian, 
Arabic and Turkish as well as Mogul miniamres 
and are like an extension of the art of calligraphy. 
They have never occupied the place which paint- 
ing holds in Western art. But in the field of natural 
history and especially zoology they have played an 
important role of both an artistic and scientihc 
nature and are a vivid reminder that not only is 
Islamic art a ‘scicnce’®' but that Islamic science is 
in the most profound sense an art, a sacred art 
which enables man to contemplate the visible 
cosmos as an icon revealing the spiritual world 
beyondit. 


Plate 37. A hunting hawk. 

continued in India even after Jahangir, and in the 
I2th/i8th century the great Persian Suh saint and poet 
‘Ali Hazin wrote his work Khawdss al-hayawdn in 
Persian while he was in India. There are numerous 
manuscripts in Indian librarics on this subject, mostly 
in Persian, which attest to activity in this held. Un- 
fortunately most of them have not as yet been studied. 


36. Islamic art is opposed to all forms of naturalism and in 
fact the external emulation of natural forms. Based on 
Unity, this art seeks to reflect Unity upon the plane of 
multiplicity rather than to paint an image, be it even a 
sacred one. See T. Burckhardt, Sacred Art, East and 
West, trans. by Lord Northbourne, London, 1967, 
chap. 4, where the principles of Islamic art are fully 
explained with unparalleled clarity. 

37. Echoing the well-known dictum of St Thomas that ars 
sine scientia nihil. 
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Plate 37 
















The Islaink Sciences: The Qualiiative Study of the Universe 


Muslim interest in the animal kingdom 
is seen not only in art but also in literature. This 
is rehected most clearly in Persian literature, 
which in fact inhuenced Arabic and Turkish pro- 
foundly in this domain. Animals as symbols of 
cosmic qualities and of spiritual attitudes and as 
moral teachers to men are to be found already in 
Pahlavi works. But it is Persian which is parti- 
cularly rich in this respect. In epics such as the 
Shdh-ndmah (Epic of Kings) of Pirdawsi, in tales 
such as ihejawdmi’ al-hikdydt (Collected Stories) 
of al-Awfi, and in folk literature such as the 
Sindbdd-ndmah {The Story of Sinbad), animals 
play a major role. Moreover, in Sufi literature, 
animals occupy a special position as man’s com- 
panions during his earthly journey. The Hadigat 


al-haqiqah (The Garden of Truth) of Sana’i, the 
numerous works of ‘Attar, especially the Mantiq 
al-tayr {The Conference of the Birds), in which the 
Aight of thirty birds to their original abode 
symbolizes the journey of the soul towards God, 
the Mathnawi of Rumi and the Bahdristdn {The 
Garden of Spring) of Jami all attest to the role of 
animals on the highest level as elements necessary 
to the cosmic equilibrium and as theophanies of 
God’s Names and Quahties which the traveller 
upon the spiritual path ‘encounters’ and integrates 
into his being on his journey beyond the cosmic 
crypt. 

At the other extreme one finds the study of 
animals for practical matters, ranging from hunting 
to medicine.^'* Muslims developed especially the 
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Plate 38. Scorpions from atrcaliseonnatural history, the tkhiiydral-ihadi'io{'Ali ibnal-Husayn, Zaynal-‘Altar. 


38. It is in the nature of Islamic civilization to intcgrate the 
sacred and the temporal, the sublime and thc practical. 
Thcrc is no art for art’s sake nor science for science’s 
sakc in Islam. Evcrything is for an end, which includes 
what is most ‘use^ul’ to man as an earthly creature 
and as a being destined for immortality. That is why 


therc is so much zoology in Islamic sources, not oniy in 
thc manner expccted by Westem students of Aristotle 
or Buffon und Cuvicr but also in a manner that stretches 
from the way a Rumi conceives of a lion or an Ibn 
‘Arabi of a griffin to the way in which Ibn Sina dis- 
cusses the mcdical use of various animal products. 
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lield of hippology, in which they wrote numerous 
treatises, such as those of al-A?ma‘i, ‘Abd al- 
Mu‘min al-Dimyati, al-Jawaliqi and Ibn al- 
Mundhir.''* It is interesting to add in this case the 
special love of the nomadic Turks for horses, upon 
whom they even ‘bestowed’ sanctity. The horse of 
Sultan ‘Uthman II, which was buried at Uskiidar, 
was known as the ‘saint of horses’ (At-Ewliydsi) 
and sick horses were brought there for cure. 
Muslims also excelled in ornithology, especially 
in the st,udy of hawks. Numerous treatises were 
composed on this subject, mostly in Persian, some 
of which are still read in the West in courses on 
ornithology.'*" 

Practical concerns also led the Muslim 
physicians and pharmacologists to study animals. 
From ‘Ali ibn Rabban al-Tabari, to Razi, Ibn 
Sina, ‘isa ibn ‘Ali, Ibn Bukh;ishu‘, Ibn al-Bay^ar, - 



Platcs 39 and 40. An anatomical study of ihe horsc. 


39. See the article Jaras’ by F. Virĕ in the Encyclopaedia of 
Islam (new edition). 


Da’ud al-Antaki and the later Ottoman, Safavid 
and Mogul medical authorities, the Muslims 
devoted considerable attention to both veterinary 
medicine and the use of animals in the treatment 
of man. A major source for the study of zoology 
among Muslims must be sought in Muslim 
medical works. 

Altogether it can be said that despite the 
accusation of some scholars that Muslims did not 
cultivate zoology extensively, the study of animals 
occupies a very important chapter in the whole of 
Islamic civilization. It is related to the arts, from 
carpet weaving to poetry, to medicine and allied 
subjects, to general studies of natural history, and 
even to the esoteric and spiritual meditations on 
the cosmos and the Reality beyond. The Muslims 
have always had a profound awareness that 
animals along with plants and minerals are an 



Plate 40 


40. See the article ‘bayzara' by F. Virĕ in the Encyclopaedia 
of Islam (new edition). 
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Plate 41. An anatomical study of the horsc. 


70 











Natural History 


essential component of that equilibrium which 
virgin nature manifests so openly and which 
Islamic art recaptures in its sacred structures. 
They have known that animals must be studied 
not only to be utilized but also to be better under- 
stood for their own sake, so that through them man 
may gain greater knowledge of the Divine 
Wisdom and also come to know better his own 
inner nature, which is a total reAection of the 
Divine Names and Qualities as the animals are 
partial but often more direct rehections. Through 
the study of the animal kingdom man is therefore 
more fully able to realize his vice-regal role and 
become aware of the great responsibility he must 
exercise as the central being in the terrestrial 
environment vis-d-vis the animal and plant 
kingdoms. 


Natural History and the Gradation of Being 

One of the recurrent themes in Muslim 
studies on natural history is the gradation of 
beings within the three kingdoms, which in fact 
re-echoes a universal traditional doctrine,^^ and 
along with the correspondence between th'e 
microcosm and the macrocosm forms the basic 
doctrinal background for the study of the various 
forms manifested within nature. Such authojs as 
the Ikhwan aI-Safa’ and Ibn Sina go to great pains 
to divide and sub-divide each kingdom according 
to a scale which reveals an ever greater degree of 
perfection. The mineral world ranges from the 
most opaque substances to those which resemble 
plant Iife, and plant Iife likewise stretches from 


41. See A. K. Coomaraswamy, ‘Gradation, Evolution and 
Reincarnation’, chapter 6 of his Am I my Brother’s 
Keeper? {The Bugbear of Literacy, London, 1949), 
NewYork, 1947. 

42. See Nasr, An Introduction to Islamic Cosmological 
Doctrines, p. 70. 


moss and algae, which resemble mineral growth, to 
palm trees, in which there is a differentiation of 
the sexes. The same holds true for the animal 
kingdom, at whose apex are creatures which re- 
semble man in certain aspects of their intelligence. 
Muslim authors studied this gradation from the 
point of view of the rehection of cosmic qualities 
rather than just anatomical resemblances. That is 
why the Ikhwan aI-Safa’ considered the elephant 
and not the monkey as the creature which stands 
just below man in the scale of being. 

Purthermore, Muslim authors were also 
aware that in the ‘great chain of being’ certain Iife 
forms preceded others in time on the surface of the 
earth. But they never believed in the theory of 
evoIution in the modem sense according to which 
through some mysterious fashion the greater 
‘evoIves’ from the lesser.^'® EvoIutionary theory as 
usually understood is a means to fill the void 
created by modern man’s cutting oflf the hands of 
God from His creation. For the Muslims, 
however, any form of deism is absurd and God 
never ceases to act within the world He has 
brought into being. The scale of creatures and the 
gradation of being has been, therefore, from the 
beginning considered by Muslim authorities as a 
vertical hierarchy ‘always’ present in a Now 
which is above temporality while also becoming 
manifested in time at different moments of 
cosmic history through what might be called the 
successive dreams of the World Soul. The ‘great 
chain of being’ was formuIated not to explain 
away the Divine Cause but to enable man to 
ascend towards the Source while being fully aware 
of the total cosmic equilibrium of which natural 
forms provide such striking evidence. 


43. Some Westem scholars have, however, tried to read 
i9th century evolutionary ideas into Islamic texts. See 
for example, Fr. Dieterici, Der Darwinismus im X. und 
XI. Jahrhundert, Leipzig, 1878; see also J. Z. Wilczyn- 
ski, ‘On the presumed Darwinism of Alberuni eight 
hundred years before Darwin,’ Isis, vol. 50, part 4, 
Dec., 1959, pp. 459-466. 
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Chapter V 

Mathematics 


Mathematics and the Islamic Perspective 

Any first-hand knowledge of Islamic civi- 
lization and particularly the Islamic sciences 
reveals the ‘privileged position’ of mathematics 
in the Islamic tradition. There are crystalline and 
geometric aspects to Islamic art and architectjare, 
a love of arithmetic and numerical symbolism in 
both the plastic and auditory arts - especially 
poetry and music - an ‘algebra’ of language and of 
thought so clearly reAected in Arabic and also in 
many other Islamic languages, and numerous 
other tangible manifestations which make plain 
the central role of traditional mathematics in 
Islamic art and civilization and on the highest 
level in the spiritual ‘style’ of Islam so directly 
reAected in its sacred art. 

This love for mathematics, especially 
geometry and number, is directly connected to 
the essence of the Islamic message, which is the 
doctrine of Unity (al-tawhid). God is Onej hence 
the number one in the series of numbers is the 
most direct and most intelligible symbol of the 
Source. And the series of numbers themselves is a 
ladder by which man ascends from the world of 
multiplicity to the One. As a treatise summarizing 


I. Risdlat al-jdmi‘ah, ed. Dj. Saliba, Damascus, 1949, 
vol. I, p. 9. For the philosophy of mathematics among 


the views of the Ikhwan al-$afa’ says, ‘Yerily the 
form of numbers in the souls of men corresponds 
to the forms of existents in the hylĕ. It is a sample 
from the upper world. Through its knowledge the 
ascetic reaches gradually the other mathematical 
and natural sciences and metaphysics. The science 
of numbers is the root of the sciences, the element 
of wisdom, the origin of the divine sciences, the 
pillar of meaning, the first elixir and the great 
alchemy.’^ 

There is indeed a profound affinity between 
the Pythagorean concept of numbers and of geo- 
metric hgures and certain intellectual perspectives 
within Islam. Pythagoras was Islamicized rapidly, 
for there existed already in the Islamic universe a 
dimension which could be described as ‘Abrahamic 
Pythagoreanism’, one in which the symbolic role 
of numbers and hgures appeared in dazzling 
clarity, illuminated by Islamic gnosis which is 
precisely a blinding message of the One. Here we 
are not concerned so much with a question of 
historical borrowing as with spiritual and mor- 
phological affinity. The numerical symbolism of 
the letters of the Arabic alphabet connected with 
the sacred and esoteric science of al-jajr is said to 


Muslims see also Mir Damad, Jadhawdt, Tehran, 1302 
(A. H. lunar), pp. 8iif. 
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Pigure 21. Geometric and numerical pattems used as the basis for the 
construction of various devices and instruments. 


Higure 20. Cosmological and magical schemes relating Quranic vetses to 
the symbolismof numbers according to Shams al-Din al-Buni. 
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have been codiAed by ‘Ali ibn Abi Talib and is 
inseparable from the form and inner meaning of 
certain passages of the Holy Quran. The tradi- 
tional mathematics of the Pythagoreans only pro- 
vided a powerful aid for the expression of a 
message which comes from the source of the 
Islamic revelation itself and a spiritual and 
dialectic style which is also inseparable from its 
sacred form. 

That is why, from sublime treatises on 
metaphysics to pottery used in homes, one is faced 
everywhere in the Islamic world with an order and 
a harmony directly related to the world of mathe- 
matics understood in its traditional sense.^ Like- 
wise, it is because of this element within the total 
spectrum of Islamic spirituality that Muslims 
became attracted to the various branches of mathe- 
matics early in their history and made so many 
contributions to the mathematical sciences for 
nearly a millennium. 

The major sources for Islamic mathe- 
matics were Greek, as well as Persian and Indian. 
These sources, especially the Greek, included 
moreover the rich Babylonian tradition of mathe- 
matics, which bestowed upon the world the 
sexagesimal system. The Persian sources reAected 
mostly the Indian ones and were embedded in 
astronomical treatises. Likewise the knowledge 
which Muslims received from India in the domain 
of mathematics was contained for the most part 
within the astronomical compendia known as the 
siddhdntas and referred to in Muslim sources as 
sindhinds. Of these, perhaps the most important 
for both Islamic mathematics and astronomy are 
the Bjahmasphutasiddhdnta of Brahmagupta and 
the Aryabhatiya of Aryabhata which systematizes 
the earlier siddhdntas. 

2. There is of course a principial difference between 
traditional mathematics, which is concerned with the 
symbolic and qualitative aspects of numbers and 
hgures as well as their quantitative aspect, and modern 
mathematics, which is limited to the latter aspect. On 
traditional mathematics see S. H. Nasr, An Introduction 
lo Islamic Cosmological Doctrines, pp. 45ff.; Fabre 
d’ 01 ivet, The Golden Verses of Pythagoras, New York, 
1917; and the numerous works of H. Kayser, such as 
Bevor die Engel sangen, Basel, 1953; Der horende 
Mensch, Berlin, 1932; and Akroasis, die Lehre von der 
Harmonik der Welt, Stuttgart, 1947, which applies 
Pythagorean mathematics and music to various sciences 
of nature. For a summary of the views of H. Kayser see 
S. Levarie and E. Levy, ‘The Pythagorean Table’, 
Main Currents in Modern Thought, March-April, 1974, 
pp.i 17-129. 


As for the Greek sources, they include 
most of the major works of Greek mathematics 
such as the Elements and Data of Euclid; the 
Conics, The Section of the Ratio, and the Deter- 
minate Section of Apollonios Pergaeus; the 
Spherics of Theodosius of Tripoli; the all-import- 
ant Introduction to Arithmetic of Nichomachus of 
Gerasa-’ and the Spherics of M.enelaus, along with 
the works of Heron, Theon and other important 
Alexandrian mathematicians and commentators. 
Also of special signihcance for Islamic mathe- 
matics is Archimedes, almost all of whose 
writings, such as The Sphere and the Cylinder, The 
Measurement of the Circle, The Equilihrium of 
Planes and Eloating Bodies, were translated into 
Arabic. In fact there are many works in Arabic 
either by Archimedes or attributed to him for 
which there is no original Greek.^ Altogether, it 
may be said with safety that the Muslims inherited 
nearly all the important mathematical ideas 
developed in ancient Mesopotamia, Egypt, Greece 
and the Hellenistic world as well as in Persia and 
India and made of this vast heritage the basis for 
the development of Islamic mathematics. 

Numerals 

Whenever Westerners think of Islamic 
civilization, one of the first elements which comes 
to mind is the Arabic numerals, which reached the 
West in the 4th/ioth century from the Islamic 
world and brought about such a profound trans- 
formation in the West that some historians have 
compared their far-reaching signilicance to that of 
the new methods of harnessing the power and 
speed of the horse and the settling of the northern 
regions of Europe. It is, therefore, essential to 


3. This work, translated by Thabit ibn Qurrah into 
Arabic, had a particularly deep inAuence on the 
formulation of the philosophy of mathematics among 
Muslims, especially upon the first episde of the 
Brethren of Purity. See R. Goldstein’s translation of 
this epistle in ‘A Treatise on Number Theory from a 
Tenth Century Arabic Source’, Centaurus, vol. 10, 
I964,pp. 129-134. 

4. On the sources for Islamic mathematics see J. Yernet, 
‘Mathematics, Astronomy, Optics’, in J. Schacht and 
C. E. Bosworth (eds.), The Legacy of Islam, Oxford, 
I 974 > PP- 46iff.; also F. Sezgin, Geschichte der Ara- 
bischen Schrifttums, vol. V, Leiden, 1975, pp. iff. 
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unravel the complicated history of these numerals 
before delving into various branches of mathe- 
matics. 

Anyone who travels through the Islamic 
world today realizes that in the eastern lands of 
Islam extending as far West as Egypt, the numer- 
als used are, with slight variations, as follows'’: 

1 r r £ 6 T V A ‘i 

In North Africa, however, the numerals are the 
same as those which Westerners call Arabic 
numerals, whose forms reveal their historical 
relation with the numerals now in use in the 
eastern Islamic countries. 

The Muslims originally used hnger com- 
putation (hisdb al-yad)*^ before learning of the 
Indian numerals and the ‘dust-board’ system 
(hisdb al-ghubdri) early in the 2nd/8th century 
from Indian and Persian sources.^ But even after 
learning of these new methods of reckoning the 
method of hnger computation continued. More- 
over, the Muslims inherited the sexigesimal 
system from ancient Babylonia, which continued 
to be used, especially by astronomers, even after 
the decimal system had been adopted. The hisdb 
aTjummal, using letters to symbolize numbers and 
based on the sexigesimal system, spread widely 
throughout the Islamic world over the centu^-ies. 
The sexigesimal system in fact came to be kncwn 
as the ‘arithmetic of astronomers’ (hisdb al- 
munajjimin), and as late as the 9th/i5th century 
Sibt al-Maridini wrote an entire work in this 
system entitled •Raqd’iq al-haqdHq fi ma‘rifat 
al-daraj wa’l-daqd’iq (Delicacies of Truth Con- 
cerning Knowledge of Degrees and Minutes). As far 
as the decimal system is concerned, the Muslims 
in fact fused various methods of reckoning into a 
system which was based on the Indian numerals 
and the place-system. 


5. These numbers are of Indian origin and therefore 
called Indian numbers {al-arqdm al-hindiyyah) in 
Arabic. See the classical study of D, E. Smith and 
L. C. Karpinski, The Hindu-Arabic Numerah, Boston, 
1911. 

6. See A. Sa‘dan, Abu’l-Wafa’ al-Buzjani, ‘Ilm al-hisdb 
al-‘arabi (Hisdb al-yad), Amman, 1971. 

7. On the dust-board system, which is thus called because 
it made use of a board on which dust was spread so that 
numbers could be traced upon it, see M. Souissi, 
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Pigure 22. The development of the Arabic numeral. 


The means whereby the Indian numerals 
became transformed into the Arabic numerals, 
which themselyes are based on theghubdri system, 
is not known in detail. But it is known that the 
Muslims gradually developed the ‘Arabic num- 
erals’ from the Indian numerals they had learned 
from Sanskrit sources early in the Islamic period 
in Persia and other eastem lands of Islam and then, 
having developed this system, went back for the 
most part to the Indian system, while the newly 
developed system spread to the Maghrib andfrom 
theretothe West.'* 

The work in which Indian numerals were 
used and transmitted to the West for the first time 
is al-Jam‘ wa’Ttafriq bi hisdb al-hind (Addition and 
Subtraction in Indian Arithmetic) of Muhammad 
ibn Musa al-Khwarazmi, the original of which is 


‘hisdb al-ghubdr’ in the Encyclopaedia of Islam (new 
edition). 

Nasir al-Din al-Tusi in fact wrote a treatise 
entitled Jawdmi‘ al-hisdb bi’l-takht wa’l-turdb (Sum- 
maries of Arithmetic through Board and Dust). The dust- 
board method still survives as a ‘folk’ practice in certain 
regions along with other popular methods of calcula- 
tion such as the siydq system which is still fairly 
prevalent in the bazaars of Persia. 

8. See R. Irani, ‘Arabic Numeral Eorms’, Centaurus, 
vol. 4,no. 1,1955,pp. t-i2. 
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lost but which survives in translation. The T oledan 
translation of this work known as Algorismi de 
numero indorum had a profound effect upon the 
West and bestowed upon Western languages such 
terms as algorithm in English (from the name of 
al-Khwarazmi himself) and guarismo in Spanish, 
as well as the word cipher (from the Arabic sifr or 
zero). 

In the 4th/ioth century Abu’l-Hasan al- 
Uqlidusi wrote his Kitdb al-fusul fi’l-fiisdb al- 
hindt {The Book of Chapters Concerning Indian 
Arithmetic)f in which he applied Indian schemes 
of calculation to methods of hnger reckoning and 
tried to change dust-board methods so as to 
make them applicable to ink and paper. Con- 
temporary with him Abu’l-Wafa’ freed the 
Indian numerals from the dust-board techniques, 
while in the following ceiitury Abu’l-Hasan 
al-Nasawi wrote another important treatise on 
Indian numerals entitled Kitdb aTmuqni‘ fi’l- 
hisdb al-hindi {The Satisfying Book on Indian 
Arithmetic) first in Persian and later in Arabic.i” 
By the 5th/iith century, therefore, the decimal 
system and the two methods of reckoning con- 
nected with it had become fully established 
among Muslims and through them had reached 
the West, bringing about a transformation which 
inAuenced nearly all aspects of Iife and thought 
from pure mathematics to commerce and trade. “ 


Number Theory and Computation 

Interest in the science of numbers and 
reckoning among Muslims goes back to the 
earliest Islamic centuries. At the beginning the 
Muslims distinguished between ‘ilm aT‘adad 
(science of numbers) and ‘ilm al-hisdb (science of 
reckoning), following the Greeks, but the latter 
often included for Muslims the science of algebra, 
which they themselves developed.’^ During the 
later centuries the two names were used almost 


9. On this important and recently discovered author see 
A. Sa‘dan (ed.), Abu’l-Hasan al-Uqlidusi, al-Pusul 
fi’l-hisdb al-hindi, Amman, 1973; also idem, ‘The 
Earliest Extant Arabic Arithmetic’, Isis, vol. 57,4,1966, 
pp. 475-490. 

10. Nasawi is also well-known for his treatise on falconry 

in Persian entitled Bdz-ndmah. See Abu’l-Qasim 
Qorbani, Tehran, 1351 (A.H. solar). 

11. On the development of numbers and the history of 


interchangeably while the name arithmdtigi de- 
rived from the Greek was also employed by 
certain authors. In any case most Muslim 
mathematicians wrote of the science of numbers, 
but relatively few treatises were devoted solely to 
this science. 

The concem with the science of numbers 
among Muslims was closely connected with the 
study of magic squares and amicable numbers,^^ 
which were also applied to various occult sciences 
from alchemy to magic. As far as magic squares 
are concerned, they entered into alchemical 
speculation in the writings of Jabir ibn Hayyan 
and were studied mathematicaiTy by the Ikhwan 
al-Safa’, who knew squares up to 36 components. 
The celebrated authority on the occult sciences, 
Shams al-Din al-Buni, carried out further studies 
on them and found the general formuIa for 
larger squares. As for amicable numbers, their 
general rule was discovered by Thabit ibn 
Qurrah. 

From such preoccupations came the study 
of numerical series, with which so many mathe- 
maticians were concerned. For example, in the 
4th/ioth century al-Karaji in his Kitdb aTfakhri 
{The Book Dedicated to Pakhr al-Din) devoted a 
notable section to numerical series, while his 
near contemporary al-Biruni wrote numerous 
studies on them. The best known study of al- 
Biruni on the subject is the famous chess-board 
problem which is as follows: the man who in- 
vented the game of chess was commanded by the 
ruler to whom he presented it to demand a favour. 
The man asked to be given the amount of grain 
which would correspond to the number of grains 
on a chess-board arranged in such a way that there 
would be one grain in the first square, two in the 
second, four in the third, and so on up to the 64 
squares. The ruler first accepted, but soon 
realized that there was not that much grain in his 
whole kingdom. This problem, whose form is 


mathematics among Muslims see A. P. Yuschkewitsch, 
Geschichte der Mathematik im Mittelalter, Leipzig, 1964 
(original Russian version, 1961). 

12. See A. I. Sabra, “i/w al-hisdb’, in the Encyclopaedia of 
Islam (new edition). 

13. Two numbers are called amicable if one of them is equal 
to the sum of the divisors of the other, such as the 
numbers 220 and 284, which were known to the 
Ikhwan al-$afa’. 
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Plate 42. The Ikhwan al-Safa’ fBrethren of Puriiy). 

typical of mathematical problems found in 
Muslim texts, was solved by al-Biruni. In modern 

64 

connotation it would be X 2‘'‘ - I = 2 ®^ - I. Al- 

1=1 

Biruni found the answer to be 18, 446, 744, 073, 
709,551,615.'^ 

The study of numbers and numerical 
series as well as computation reached its peak with 
Ghiyath al-Din Jamshid al-Kashani, the out- 
standing Persian mathematician, whose amazing 
contributions to the science of numbers are only 
now becoming known after centuries of neglect. 

14. This problem is cited as an example by al-Biruni in 
his Chronology of Ancient Nations. See E. Sachau, 
‘Algebraisches uber das Schach bei Biruni’, Zeitschrift 
der deutschen morgenlcndischen Gesellschaft, vol. 29, 
1876, p. 148; see also A. Qorbani, Biruni-ndmah, 
Tehran, 1353 (A.H.solar), pp. 234(1. 

15. Al-Uqlidusi seems to have invented them, but they 
were forgotten for centuries until re-discovered and 
introduced into the mainstream of mathemadcs by 
Kashani. 


Pigure 23. Magic squarc of 36 squarcs. 

Kashani not only invented the decimal fraction,''’ 
the approximate method for calculating problems 
which have no exact solution, and the iterative 
algorism, and made a remarkably accurate calcu- 
lation of tt; but he must also be considered the 
lirst person to have invented a calculating 
machine.'" He was also the lirst to have solved the 
binomial known by the name of Newton. The 
solution of the binomial 
(a -I- b)"= a"-i- (i)a" ‘b + ... + (^^"■‘‘b'^... + b" 
is found in his Mi/idh al-hisdb {Key to Arith- 
metic), which is perhaps the most important 

16. See E. S. Kennedy, ‘A fifteenth-century planetary 
computer: al-Kashi’s Tabcui al-mandteq', Isis, vol. 41, 
1950, PP- 180-183; vol. 43, 1952, pp. 42-50. A word 
must also bc said concerning the abacus. This instru- 
ment, which is in wide use in the Islamic world and 
which differs from the one used in the Far East and 
clsewhere, is probably also a Persian or Arabic inven- 
tion, whose origin in time, however, is not known. It 
may be very ancient; in fact some have suggested that 
the Babylonians may have had some form of abacus. 
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Muslim work on the science of numbers.^’ 
Kashani is also the author of al-Risdlat al- 
muhitiyyah {The AlTEmbracing Treatise on the 
Circum/erence) which is a masterpiece in arith- 
metic based on the sexagesimal system.^® 

Interest in the science of numbers was not 
limited to Persia, although most of the activity 
there was concentrated into the Safavid period, 
with the appearance of Ae works of such hgures as 
Shaykh Baha’ al-Din ‘Amili and Mulla Muham- 
mad Baqir Yazdi. ‘Amili was particularly inAuen- 
tial because he was a truly universal genius, at 
once mathematician, architect, theologian, poet, 
Suh and alchemist, and his works were widely 
read. It is not accidental that Suter concluded his 
now classical work on Islamic mathematicians 
with him and noted the importance of his 
Khuldsat al-hisdb {The Summary of Arithmetic) 
for number theory. 

Elsewhere in the Islamic world a series of 
important hgures appeared almost contemporary 
with Tusi and Kashani. Eoremost among them 
was Abu’l-‘Abbas ibn Banna’ al-Marrakushi who 
lived in the 7th/i3th century and produced some 
seventy books on all branches of mathematics, 
foremost among them the Talkhis a'mdl al-hisdh 
[Summary of Arithmetic Operations)^ which is 
among the best Muslim works on the subject.^® 
Also from the Maghrib one may mention Ibn 
Hamzah al-Maghribi, who lived in the ioth/i6th 
century and wrote the Tuhfat al- i‘timdd {Gif{ of 
Confidence) in Turkish on number theory. He laid 
the foundation for the invention of the logarithm 
through the study of numerical series, as had 
Mulla Baqir Yazdi, his contemporary in Persia. 

As for the middle part of the Islamic world, 
there, too, several notable hgures devoted studies 
to the science of numbers. Abu’l-‘Abbas ibn al- 
Ha’im al-Misri, who lived in the Sth/i^th century, 
wrote on both arithmetic and algebra. A century 


17 - For an analysis of this important work see P. Luckey, 
‘Die Rechenkunst bei GamSid b. Mas‘ud al-Kasi, mit 
Ruckblicken auf die altere Geschichte des Rechnens’, 
Abhandlungen fur die Kunde des Morgenlandes, XXXI, I, 
1951; the extensive commentary on this work along 
with its translation into Russian by Rosenfeld, Segal 
and Yuschkewitsch, Moscow, 1956; and A. Qorbani, 
Kdshdni-ndmah, Tehran, 1350 (A.H. solar), part three. 

18. This work was translated and commented upon 
extensively by P. Luckey in his ‘Der Lehrbrief iiber den 
Kreisumfang’, Abhandlungen der deutschen Akademie 
der Wissenschajten zu Berlin, no. 6,1953. 


later Badr al-Din al-Maridini composed his 
Tuhfat al-bdb fi ‘ilm al-hisdb (Gift of the Gate con- 
cerning the Science of Arithmetic), which contains a 
discussion of number theory and fractions. 

When we glance over Muslim works in 
number theory and computation we observe 
several important achievements. One is the de- 
velopment of the philosophy of numbers and of 
mathematics in general, which unveils a concept 
of mathematics very different from that prevalent 
today. Secondly there is the new dehnition given 
by Muslims to number itself, expanding the 
dehnition provided by Eudoxos through re- 
course to continuous fractions by means of which 
a ratio is expressed. For example, 

V 2 ; I -- 1 — I 

2 — 1 

2-1... 

In such a procedure, if the fraction is 
terminated, the ratio is rational, and if not, it is 
irrational. Khayyam, who discussed this matter, 
almost made of the irratiohal itself a number, 
saying that the irrational can be ‘interpreted’ as a 
number. Also Tusi asserted that every ratio can be 
regarded as a number.^^ 

Pinally the Muslims developed techniques 
of computation far beyond what had existed be- 
fore. This is to be seen especially in the circle of 
Nasir al-Din al-Tusi at Maraghah, where a pre- 
cision of one in ten million was attained for the 
table of tangents. To have a large number of 
mathematicians work on problems together, to 
coordinate their computation and hnally to 
develop a means of checking error as one pro- 
gresses is no easy task. But this is precisely what 
was achieved in Persia in the yth/i^th century, 
although the means whereby it was done are not as 
yet fully known. Be it as it may, it represents a 
major achievement of Islamic mathematics. 


19. See H. Suter, Die Mathematiker und Astronomen der 
Araber und ihre Werke, Leipzig {Abhandlungen zur 
Geschichte der mathematische Wissenschajten, vol. 10), 
1900; ‘Nachtrage und Berichtigunger’, vol. 14, 1902, 
pp. 155-185 jreprintedAnnArbor, 1963. 

20. See Qadri Hafiz Tuqan, Turdth aT‘arab al-‘ilmi 
fi’l-riyddiyydtwa’l-falak, Cairo, 1963, pp. 429-432. 

21. See E. S. Kennedy, ‘The Exact Sciences in Iran under 
the Seljuqs and Mongols’, in Cambridge History of Iran, 
vol. V, ed. by J. A. Boyle, Cambridge, 1968, p. 663. 
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Geometry 

The study of geometry among Muslims 
begins with the classical Greek sources, especially 
Euclid and Apollonios, with which Muslim 
mathematicians became acquainted early in the 
Abbasid period. Interest in geometry in Baghdad 
was incited most of all, however, through the 
works of the sons of Musa, or Banu Musa, 
especially their Kitdb ma‘rifah misdhat al-ashkdl 
{The Book of Knowledge of the Area of Pigures), 
upon which Nasir al-Din al-Tusi was later to 
write a commentary. This work was also trans- 
lated into Latin and inAuenced Pibonacci and 
Thomas Bradwardine. The Banu Musa also 
wrote an important recension of the Conics of 
Apollonios. Also in the 3rd/9th century Thabit 
ibn Qurrah wrote on cubatures and quadratures 
and used the method of exhaustions in a manner 
which anticipates the development of integral cal- 
culus. Thabit also advanced the study of para- 
bolas and in his Quadrature of the Parabola used 
integral sums to find the area of a segment of a 
parabola. 

During the 4th; loth century Abu’l-‘Abbas 
al-Nayrizi, the Latin Anaritius, followed the 
work of Thabit and also that of Abu ‘Abdallah 
al-Mahani, writing an important commentary 
upon Euclid, which made use of the works of 
Heron, Simplicius and other Alexandrian mathe- 
maticians. Another important work on geometry 
of this period is the Fi mdyahtdj ilayhi al-sdni‘ min 
a‘mdl al-hindisah {What the Artisan Needs of Geo- 
metric Operations) of Abu’l-Wafa’ al-Buzjani in 
which the various applications of geometry are 
thoroughly discussed. Also of importance during 
this period are the works of Abu Sahl al-Kuhi, 
who sought to solve those problems posed by 
Archimedes and Apollonios which lead to equa- 
tions higher than the second degree, and Ibn al- 
Haytham, the great physicist, who worked on iso- 
perimetry. 

In the 5th i ith centuiy^ the great impetus 
given to geometry during the previous century 
continued. Abu’l-Jud, who corresponded with al- 
Biruni on mathematical questions, devised a geo- 
metric method to divide the circle into nine equal 
parts. His contemporary Abu Sa‘id al-Sijzi 

22. See E. S. Kennedy, op. cit.\ also B. A. Rosenfeld and 
A. P. Yuschkewitsch, Omar Xaiidm, Traktdti, Moscow, 
1961, where the text of the treatise appears with transla- 
tion and commentary in Russian. See also the extensive 
analysis of this problem in J. Homa’i. Khayydmi- 



Pigure 24. Steel compass made for the Persian king ShSh ‘Abbas. 


studied conic sections and trisected an angle by 
means of the intersection of a circle and a hyper- 
bola. 

A new chapter was opened in the study of 
geometry when Khayyam, and following him 
Tusi, re-examined the fifth postulate of Euclid 
■ concerning the parallel line theorem, which 
concerns the very foundation of Euclidean geo- 
metry. Khayyam in his treatise Fi sharh md 
ashkala min musddardt kitdb Uqlidus {Concerning 
the Difficulties of Euclid’s Elements)^^ considers the 
quadrilateral ABCD with sides AB and DC equal 
to each other and both perpendicular to BC, which 
is the birectangular quadrilateral associated in the 
history of Westem mathematics with Saccheri. In 
this quadrilateral, angles A and D are equal and 

ndmah, vol. I, Tehran, 1346 (A.H.solar). Tusi preceded 
Westem mathematicians in the discussion of yet 
another problem. His Jawdmf al-hisdb contains the 
earliest reference to what has come to be known as 
PascalPs triangle. 


82 




Mathematics 








:/ic*a»>^)t^tj^'ihjh£*iiiiC0’j'^ 



(i‘ 



Plate 4j. The opening page to the commentary on the Elemmis of liuclid by 
Nasiral-Dinal-Tusi. 


Pigure 2j. Rectangle related to thc fifth postulaie of Euclid. 



proves thal only the third can be true, thus 
asserting the fifth postulate of Euclid. Both 
Khayyam and Tusi realized that if the first pos- 
sibility were to be true, the sum of the angles of a 
triangle would be less than i8o . Neither Khay- 
yam nor Tusi followed their research in this 



Higure 26. Pinal page of al-Tusi’s commentary on the Elemenis of Euclid. 


domain to its end, and non-Euclidean geometry, 
including that of Lobachevskii, was left for 
Western geometers to deal with. But Khayyam 
realized the special character of the fifth postu- 
late and pointed to the principle which defines 
this geometry as a coherent and distinct system, 
corresponding because of its symbolic nature to 
the profoundest aspects of physical reality. 

Altogether, in the domain of geometry, 
both plane and solid, Muslims followed the path 
laid out by the Greek mathematicians, solving 
many of the problems which had been posed but 
remained unsolved by their predecessors. They 
also related geometry to algebra and sought geo- 
metric solutions for algebraic problems. Einally, 
they devoted special attention to the symbolic 
aspects of geometry and its role in art and archi- 
tecture, keeping always in view the qualitative 
geometry which reAects the wisdom of the ‘Grand 
Architect of the Universe’. 
































The Cosmos and Its Mathematical Study 


Plane and Spherical Trigonometry 

Although Greek mathematicians, especi- 
ally Hipparchus, had calculated a table of chords, 
trigonometry - both plane and solid and based on 
the relation of the sides and angles of a right tri- 
angle - was invented by Muslims. It was Muslim 
mathematicians who for the first time formulated 
the trigonometric functions explicitly. In fact the 
word ‘sine’ is the direct translation of the Arabic 
'^ordjayb}^ 

Already in the 3rd/9th century trigo- 
nometry was used by al-Battani in his astro- 
nomical works. He also helped advance spherical 
trigonometry. Habash al-Hasib, another astrono- 
mer of the period, was the first to use tangents 
{zill) and also had knowledge of the sine, cosine 
and cotangent functions. The most notable 
advance in trigonometry during the early period 
was made, however, by Abu’l-Wafa’ al-Buzjani 
whose Almagest, not to be confused with that of 
Ptolemy, was concerned mostly with trigo- 
nometry. Abu’l-Wafa’ was the Arst person to give 
a demonstration of the sine theorem for a general 
spherical triangle. He knew the equations: 

sin (a — b) ^ sin a cos b - cos a sin b 

• .,a 

2 sin- - I — cos a 
. a 

sin a - 2 sin - \ cos a 
2 

It was also he who first invented the secant 
{qutr al-zil[) and not Copernicus as is usually 
bclieved. Al-Buzjani was also the first to discover 
therelation 

sina sinb s in c 

sin A sin B sin C 

in a non-perpendicular spherical triangle. 

Intense interest in trigonometry existed 
also among other mathematicians of this period 
such as Abu Nasr al-‘Iraq, Abu Mahmud al- 
Khujandi and Ibn Yunus, each of whom made 
new contributions to the field, the last having 
discovered that 

cos a cos b 5 [cos (a — b) - cos (a — b)]. 

But it was again al-Biruni who wrote the most 
masterly work on the subject. Despite its title, his 
Maqdlid ‘ilm aThay’ah (Keys to the Science of 
Astronomy), as recently discovered, is the first 
independent work on spherical trigonometry.^^ 
Al-Biriini also calculated the approximate value of 

23. See Sabra, op. cit. 

24. Qorbani, Biruni-ndmah, pp. 402ff. 


a diagonal of one degree and in his Mas‘udic 
Canon was the first to give a demonstration that 
for a plane triangle 

a _^ c 

sin A sin B ~ sin C 

Trigonometry, like most other branches of 
mathematics, underwent an eclipse in the yth/ 
I ith and 6th/i2th centuries and was fully revived 
by Nasir al-Din al-Tusi, whose Kitdb shikl 
al-qitd‘ {Book of the Pigure of the Sector) is of 
fundamental importance to the history of trigo- 
nometry. Tusi synthesized the works of the 
earlier masters such as Abu’l-Wafa’ and al- 
Biruni and gave all the six trigonometric functions 
based on a triangle and independent of the 
Menelaus Theorem. He also presented those 
functions independent of astronomy. In fact until 
the recent discoveries by Qorbani concerning al- 
Biruni’s Maqdlid . . . the work of Tusi was con- 
sidered the first independent treatise on trigo- 
nometry. 

In any case whether it be the works of 
Tusi or Biruni, there is no doubt that trigo- 
nometry as studied even now was developed 
completely and established as an independent 
science by Muslim mathematicians. It is, there- 
fore, strange indeed that in many Muslim coun- 
tries today even the names of the trigonometric 
functions, which were originally Arabic, are 
changed into their Prench or English equivalents, 
and this science is presented in the schools of the 
Islamic world as if it were imported along with 
gun powder and modern physics from the 
Occident. 

Algebra 

As in tngonometry so in algebra Muslims 
must be' considered as the founders of this 
science whose very name (from the Arabic al-jabr) 
reAects its origin.^^ Muslims made use of Greek 
(mostly Diaphontos) and Indian sources as well 
as Babylonian ones, which had reached them 
through Hebrew works, especially the Mishnat 
ha-Middot, but it was the early Muslim mathe- 
maticians of the 3rd/9th century Idading to 
Muhammad ibn Musa al-Khwarazmi who lirmly 
established this branch of mathematics, which is 
closely related to certain metaphysical principles 
so central to Islamic doctrines. The first Muslim 

25. Likewise the unknown in an algebraic equation, which 
to this day is called x, is derived by means of Spanish 
from the Arabic word shay’, which is used for the 
unknown in Arabic treatises on algebra. 
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work on algebra, the Kitdb al-mukhtasar fi 
hisdb al-jabr wa’l-muqdbalah {The Book of Sum- 
mary Concerning the Process of Calculating Com- 
pulsion and Equation) of al-Khwarazmi in fact has 
given this science its name, the word jabr in the 
title meaning restoration and amplihcation of 
something incoraplete and muqdbalah the balanc- 
ing of two sides of an e^uation.^® This work was 
translated into Latin by Robert of Chester and 
was responsible for the introduction of algebra 
into the West.^’ 

In the 4th/ioth century the brilliant start 
made by aI-Khwarazmi was pursued by a number 
of outstanding mathematicians. Abu Kamil al- 
Shuja‘ resolved equations with up to five un- 
knowns. Abu ‘Abdallah al-Mahani studied a 
problem posed by Archimedes in his The Sphere 
and the Cylinder: ‘To cut a sphere by a plane in 
such a way that the two parts are in a given 
proportion to each other’.^* He tried to solve the 
equation x^-ba = cx^ resulting from this problem, 
an equation which has become synonymous 
with his name. Abu Ja‘far al-Khazin solved this 
equation after al-Mahani by means of the inter- 
section ofconics. 

Another important algebraist of the ^th/ 
loth century, al-Khujandi, wrote a treatise show- 
ing that it is impossible to solve the equation x-^ — 
y^==z^ where x, y, and z are whole numbers. This 
is a special case of Fermat’s proposition. Abu’l- 
Jud followed this work and was the lirst to solve 
third degree equations through geometric solu- 
tions. Al-Karaji, who lived a few years earlier, 
had in the meantime written one of the foremost 


26. See G. Anawati, ‘Science’, in P. M. Holt, A. K. S. 
Lambton and B. Lewis, (eds.), The Cambridge History 
of Islam, vol. II, Cambridge, 1970, pp. 75off. See also 
the already cited histories of mathematics of Yusch- 
kewitsch, and Rosenfeld as well as Tuqan. 

27. See L. C. Karpinski, Robert of Chester’s Latin Transla- 
tion of ihe Algebra of al-Khwarizmi, New York, 1915. 
See also F. Rosen, The Algebra of Muhammad ben 
Musa, London, 1831. There were other early Muslim 
works on algebra such as that of Ibn Turk but none had 
the inAuence of al-Khwarazmi’s famous treatise. 

28, See J. Vemet, op. cit., p. 468. 

29, Selections of this book were translated and thoroughly 
analyzed by F. Woepcke in his Extrait du Eakhri, Paris, 
1853. Al-Karaji’s other major mathematical work, the 
Kdfi fi’l-hisdb {The Sufficient Book in Arithmetic) also 
includes sections devoted to algebra. See A. Hochheim, 


Muslim works on algebra, the already mentioned 
Kitdb aTfakhri (The Book Dedicated to Eakhr 
al-Din).^^ Woepcke, who first introduced this 
book to the West, showed that most of Fibonacci’s 
works were inAuenced by al-Karaji. In al-Karaji 
one finds a discussion of indeterminate algebra as 
well as indeterminate analysis. As an example one 
can cite the following problem with four un- 
knowns discussed by al-Karaji (using modern 
notations): 

X— I =2(y— i) 
y^2-3(z i) 

2 -^ 3 = 4(v -- 3) 

v=-4 = 5(x-4) 

Several centuries of the deveIopment of 
algebra culminated in the well-known Algebra of 
‘Umar Khayyam, the most famous Oriental poet 
in the West thanks to the imaginative translation 
of his quatrains by Fitzgerald, but rarely seen by 
the public at large as one of the outstanding 
mathematicians of history. Khayyam classified 
algebraic equations up to the third degree in a 
rigorous and systematic mannĕr and solved them 
through geometric means.^“ In its thoroughness, 
clarity and manner of exposition as well as its 
mathematical content the Algebra of Khayyam 
must be counted as one of the masterpieces of 
Islamic mathematics and is still of value as a model 
for the way that algebra should be taught to young 
students. 

After Khayyam the study of algebra 
gradually declined among Muslims and although 
works continued to be written on the subject they 
never reached the level of al-Karaji and Khayyam. 


Kdfi fi’l-Hisdb (Genugendes iiber Arithmetik), Halle, 
1878-1880. 

For a summary history of algebra, including 
Muslim contributions and those of al-Karaji, see D. E. 
Smith, History of Mathematics, vol. I, New York, 1951, 
pp. 283!!. 

30. This work has been translated into European languages 
and analyzed several times. See F. Woepcke, Dalgĕbre 
d’Omar Alkhayydmi, Paris, 1851; W. E. Story, Omar as 
a Mathematician, Boston, 1918; D. S. Kasir, The 
Algebra of Omar Khayyam, New York, 1931; and 
H. J. J. Winter and W. ‘Arafat, ‘The Algebra of ‘Umar 
Khayyam’, Journal of the Royal Asiatic Society of 
Bengal, vol. XVI, 1950, no. i, pp. 27-78. See also Nasr, 
Science and Civilization in Islam, pp. i6off. A thorough 
study of the mathematics of Khayyam has been made in 
Persian by Gh. Musahab in his Hakim ‘ Umar Khayydm 
bi‘unwdn-i‘dlim-ijabr, Tehran, 1339 (A.H. solar). 
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Pigure 27. The solution of an algebraic problem by Khayyam. ‘The 
prohlem is to find the point R on the quadrant AB in such a way that 
AE : RH EH:HB 

AssumethatinthetriangleERT, ET ER RH. Then the triangleERT 
is a nghl tnanglc whose hypotenuse is equal to the sum of onc of its sides and 
the perpendicular to the hypotenuse. Khayyam assumes that if the height of 
this tnangle x, and the hypottnuse is takcn to be 10, then 
x‘ 200x 20x^ ■ 2000 

which is solved through conic intersections.’ 

As a noteworthy work of the later period one 
might mention the Kashf aTasrdr ‘an ‘ilm al- 
ghubdr (The Unveiling of Mysteries Concerning the 
Science of ihe ‘Dust-Board’) of Abu’l-Hasan al- 
Basti known as al-Qalsadi, a 9th/i5th century 
author from Andalusia. This work is the first 
which revealed to Europeans the fact that Mus- 

31. Numerous treatises in Arabic and Persian deal with the 
mathematical aspect of poetry and music. Music in 
particular, in its theoretical aspect, was always con- 
sidered as a branch of mathematics, much as in the 
Quadrivium of the mediaeval West. Many leading 
Muslim philosophers and scientists, such as Ibn Sina, 
Khayyam and Qutb al-Din al-Shirazi, devoted treatises 
to music, and some like al-Farabi were leading theoreti- 
cians of music. Unfortunately limitations of space do 
not allow us to devote a separate chapter to this subject. 

Concerning music among Islamic peoples see 
R. D’Erlanger, La musique arabe, 5 vols., Paris, 1930- 


lims used alĕebraic signs such as r for root 
(jadhr), for unknown {shay’), f for square {mdl) 
etc. In the eastern lands of Islam also a few 
treatises on algebra of some interest were written, 
but most of the new developments in the late 
centuries were in the domain of number theory 
rather than algebra. In fact with Khayyam 
algebra reached a perfection beyond which a step 
could not be taken until the invention of descrip- 
tive geometry and the opening of a new chapter 
in the science of algebra in the lyth century, a 
chapter which, however, was based on the for- 
getting of^the very metaphysical principles which 
have always dominated the horizon of all Islamic 
mathematics. 

Mathematics and Islamic Art and 
Architecture 

Anyone who has gained some familiarity 
with Islamic art and architecture realizes that 
mathematics plays a special role in these art forms, 
a role which is more central and extensive than 
what is found in other living traditions. Not only 
do the music and poetry of the Islamic peoples 
follow strict mathematical principles^^ similar to 
other traditional forms of these arts, but also the 
plastic arts - from patterns on carpets to the 
ornaments of mosques - have a relation to the 
world of geometry and numbers which is more 
direct than that found in the sacred art of other 
traditions. In fact some have denied that Islam 
has developed an art of any importance because 
it has produced neither painting nor sculpture 
to compare with what is found in mediaeval 
Christendom or India. And to most modern 
Westerners geometric patterns and mathematical 
rhythms hardly apppar as having any relation with 
sacred art. 

Pigure 28. A flute player. From an Arabic treatisc on music. 

Pigures 29, 30 and 31. Pages from the section on music of the Persian 
encyclopaedia Durrat al-tdj of Qutb al-Din al-Shirazi. 

1939 (which deals, however, mostly with Persian 
rather than Arabic music); the numerous, works of 
H. G. Parmer such as The Sources of Arabian Music, 
Glasgow, 1940; N. Caron and D. Safvat, Iran (collec- 
tion Les traditions musicales, vol. 2), Paris, 1966; 
A. Shiloah (ed. and trans.), Ibn ‘Ali al-Katib, La 
perfection des connaissances musicales, Paris, 1972; and 
the translation of the important treatise of the Ikhwan 
al-Safa’ on music including its effect on the body and 
the soul by A. Shiloah, ‘L’ĕpitre sur la musique des 
Ikhwan al-Safi”, Revue des Etudes Islamigues, 1965, 
pp. 125-162; 1967, pp. 159-193- 
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Pigure 30 



Pigure 31 


Pigure 29 
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Pigure 32. The division of the chord from a treatise on music. 

Actually this judgement is due to a com- 
plete forgetting of the Pythagorean doctrine of 
mathematics as summarized especially by Nicho- 
machus and reAected even in the writings of cer- 
tain early Christian theologians such as Clement 
of Alexandria.^'^ If one studies these traditional 
sources, which express the same truths concern- 
ing the world of mathematics as those that deter- 
mined the Islamic vision of things, it becomes 
evident that number and figure exist on three 
levels of reality: in the Divine Intellect as arche- 
types in the principial domain; in the inter- 
mediate world of the mind, which Nichomachus 
refers to as ‘scientific’; and in the external world, 
corresponding to ‘concrete’, quantitative numbers 

32. The three kinds of Pythagorean number are treated 
fully in the existing works of Nichomachus, which 
include his Manual of Harmony, Introduction to 
Arithmetic and parts of the Theologumena Arithmetica 
which have survived in the compilation of lamblichus 
of Rome. 

The three meanings of numbers have also been 
dealt with in several contemporary works. In addition 
to the writings of H. Keyser mentioned above see 
R. Allendy, Le symbolisme des nombres, Paris, 1948; 
M. Ghyka, Le nombre d’or, Paris, 1931 j and L. Bosman, 
The Meaning and Philosophy of Numbers, London, 1932. 

33. .As one of the foremost Western students of Islamic 
architecture in its relation to mathematics, Keith 


and figures. The modem world knows only the 
second and third levels, whereas Islam has re- 
mained always aware of all three. The use of 
mathematics in Islamic art and architecture is not 
only the result of an ‘aniconic’ tendency away from 
the ‘concrete’ toward the ‘abstract’. Rather, it is 
also a means whereby the archetypes are reAected 
upon the material plane, making the material 
transparent and capable of acting as a ladder to- 
ward the spiritual realities, which are the most 
concrete realities of all, realities compared to 
which physical realities are no more than abstrac- 
tions. The use of mathematics in Islamic art is a 
way whereby the material is sacralized by virtue of 
reAecting the archetypal world. It is also the 
means whereby man becomes aware of the origin 
as well as the fundamental structure of the 
physical world that surrounds him and is able to 
penetrate into the very my stery of God’s creation. 

Mathematics in Islam has not been bound 
to the world of ‘matter’ as is modern mathematics. 
It has in fact been related more to the world of life 
forms and beyond that to the archetypal world. As 
a result it has been able to reveal the principle of 
the physical world rather than the structure of its 
constitutive parts as in modem physics. More- 
over, it has been able to aid in the realization of a 
harmony, balance and awareness of the effusion of 
multiplicity from Unity and the retum of all 
multiplicity to Unity which characterize Islamic 
spirituality and are manifested in the most direct 
manner in Islamic art and architecture. No- 
where is the sacred character of mathematics in 
the Islamic world view more evident than in art, 
where with the help of geometry and arithmetic 
matter is ennobled and a sacred ambience created 
wherein is directly reAected the ubiquitous 
Presence of the One in the many. 


Critchlow, has shown, certain complicated patterns of 
Islamic art are identical with the intemal structure of 
various natural substances discovered by modem 
science. Critchlow has said that it seems that Muslims 
discovered the inner stmcture of matter without split- 
ting molecules and atoms. This can in fact be easily 
explained if one understands the traditional role of 
number and hgure, the hierarchy of universal existence 
and the principle that the ‘heart’ of physical objects can 
only be understood in an ultimate sense through a 
knowledge of their archetypes, rather than by means of 
indehnite analysis and division, although every ana- 
lytical study of a legitimate nature reAects again the 
archetype of the object in question on its own level of 
reality. 
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Plate44- Colour, form and geometry in Islamic art. 



Plate 45. The use of geometry to depict the spatial and temporal aspects of cosmic reality. 
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Chapter VI 

Astronomy and Astrology 


‘And He it is Who hath set for you the 
stars (al-nujum) that ye may guide your course by 
them amid the darkness of the land and the sea’ 
(V; 98, Pickthall translation). 

‘It is not for the sun to overtake the moon, 
nor doth the night outstrip the day. They float 
each in an orbit (/alak)’ (XXXVI; 39). 

‘Lo! in the creation of the heavens 
(samdwdt) and the earth, and the difference of 
night and day... are signs (of Allah’s sovereignty) 
lorpeople whohave sense’ (II; 164). 

‘He it is Who created for you all that is in 
the earth. Then turned He to the heavens and 
fashioned it as seven heavens {samdwdt) (II; 29). 

‘And We have made the sky (al-samd’) a 
roof withheld (from them). Yet they turn away 
from its portents’ (XXI; 32). 

‘And when the sun is overthrown, 

And when the stars (al-nujum) fall, 

And when the hills are moved’ (LXXXI; 1-3). 

These verses from the Holy Quran are 
only a few among numerous references made in 
the Holy Book of Islam to the heavens and 

I. ‘One of the characteristics of the Quran as the last Revel- 
ation is that at times it becomes as it were transparent in 
order that the hrst Revelation may shine through its 
verses; and this hrst Revelation, namely the Book of 


celestial phenomena in general. As the last 
religion in the present cycle of humanity, Islam is 
also in a fundamental sense a retum to the pri- 
mordial tradition {al-din al-hanif). This basic 
truth is naturally reAected in the Holy Quran, 
many of whose verses point to a retum to the pri- 
mordial revelation which is none other than the 
‘book of creation’ or virgin nature itself. The 
‘signs’ {dydt) of this ‘Book’ become transparent 
once again in the pages of the Holy Quran. 
Hence, there is continuous reference to the world 
of creation to complement the verses, which 
speciAcally concern man on the one hand and the 
purely principial domain on the other. And Mus- 
lims speak of the created world as the ‘Quran 
of creation’ {al-Qur’dn al-takwini) and of the 
written Quran as the ‘recorded Quran’ {al- 
Qur’dn al-tadwini).^ None of the sacred texts of 
the various traditions speaks as often of the ‘signs’ 
of God manifested in the natural order as does the 
Holy Quran, with the possible exception of the 
Vedas, which are also a direct reAection of the 
primordial revelation. Moreover, the Quranic 
references pertaining to nature are concerned 

Nature, belongs to everyone’. M. Lings, What is 
Sufism?, London, 1975, p. 23. On the relation of the 
‘two Qurans’ mentioned above see S. H. Nasr, The 
Encounter of Man and Nature, p. 95. 
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mostly with the heavens. This conhrmation on the 
part of the most sacred source of Islam combined 
with the natural inclination towards the study of 
the heavens of Arabian nomads, who roamed 
over vast deserts with the help of the stars, gave a 
powerful impetus to astronomy from the begin- 
ning of Islamic civilization and created for this 
science and its ancillary disciplines a special 
position among all ‘intellectual sciences’, so that 
even jurisprudents and theologians opposed to 
some of these sciences respected astronomy 
while some went so far as to hold it in high 
esteem. 

Of course the cosmic dimension of the 
Islamic rites, especially the daily prayers, also 
brought into focus the practical importance of 
astronomy for the religious community. The 
times of the daily prayers have to be determined 
throughout the year for every geographical lati- 
tude and longitude where there are faithful, 
practising Muslims, and the direction for the 
prayers facing Mecca has to be determined again 
for every locality where the prayers are performed. 



Figure 343. One of the methods of Snding the direction of the qiblah, by 
al-Biruni. 


‘We transform the direct sine and the versed sine of the longitudinal differ- 
ence in order to obtain from the ordinary sine the sine of the modihed 
longitude. Purther, we multiply the transformed versed sine by the sine of 
the latitude of our town, and we divide this product by the total sine; then we 
add the quotient obtained thereby to the versed sine of the sum of Mecca’s 
latitude and the colatitude of our town. We obtain thereby the gauge. If this 
is less than the total sine, the azimuth of the qiblah is south of the east-west 
line; if the gauge is equal to it, the azimuth coincides with that line, and if the 
gauge is more than the totai sine, then the azimuth is north of the east-west 
line. 

‘Purther, we square the difference between the gauge and the total sine, and 
we square the sine of the modihed longitude; then we divide the produa of 
the sine of the modihed longitude times the total sine by the (square) root of 
the sum of the two squares. The quotient obtained thereby is the sine of the 
azimuth displacement from the meridian line. 

‘Proof of this method; Again, we let the semicircle ABG represent the 


westem horizon of Ghazna, and let us imagine that AKG represents a semi- 
circle of its meridian. We mark off arc AK equal to the colatitude of Ghazna 
[taken as example by al-Biruni] and arc KH equal to the latitude of Mecca. 
We join KE and draw HT parallel to it; then we draw HY perpendicular to 
EK, It is obvious that KE is the line of intersection between the plane of the 
meridian of Ghazna and the plane of the celestial equator, and that HT is the 
line of intersection of the plane of the meridian of Ghazna and the plane of 
the parallel of Mecca, and that HY is the sine of the latitude of Mecca, and 
EY is the cosine of its latitude. Eurther, we mark off arc FK equal to the 
longitudinal difference, and we join FE. With E as centre and with radius 
EY we draw the arc YN; then we drop NO perpendicular to KE, and we 
produce NO to meet the line TH at M. It is known that arc YN lies on a 
circle which is equal to the parallel of Mecca, because it was drawn with a 
radius equal to the cosine of its latitude, and since YN is similar to arc FK, 
arc YN is a measure of the longitudinal difference in the parallel (of Mecca). 
So NO is the sine of the modihed longitudinal difference, measured in that 
circle, and YO is the yersed sine of the longitudinal difference, which is also 
measured in that circle. Hence YO is the transformed amount, and HM is 
equal to it and is really in an analogous position in the meridian circle of 
Ghazna. 

‘We drop both HD and ML perpendicular to AEG. Then HD is the sine of 
the sum of AK, the colatitude of Ghazna, and KH, the latitude of Mecca. 
Therefore AD is the versed sine of this sum. Eurther, we draw MC parallel 
to AG: then the triangle HMC is similar to the triangle HDT, rhe triangle of 
daylight. So the ratio of HM, the transformed versed sine, to MC is as the 
ratio of the sine of angle HCM, the right angle, to the sine of angle HMC, the 
colatitude of Ghazna. Hence MC is known. Now, DL is equal to MC, and 
AL, the gauge, is the sum of AD and DL. (It is called the gauge) because 
point L is on the line through the foot of the venical from Mecca paiallel to 
the east-west line. Whenever it falls between the two points A and E, the line 
that issues from E to the point which is supposed to fall on it, ends up on the 
southem quadrant AB, but if it falls beyond E, towards G, then that line 
ends up on the northern quadrant BG, 

‘Moreover, it is known that the segment between L and the foot of the 
vertical from Mecca is equal to the sine of the modihed longitude, I mean 
NO. So if we separate LZ, which lies on the prolongation of ML - though it 
really makes with it a right angle, but if the setnicircle AKG is revolved about 
the axis AEG until it coincides with the eastem half of thc horizon, then ML 
would coincide with the said line and LZ would fall on the prolongation of 
ML - and if we join EZ and produce it to S, then ES will be the line of the 
giblah. Now ZE is the hypotenuse of a righi rriangle with legs ZL and LE; 
therefore ZE is known. But the ratio of ZE to ZL is as the ratio of the sine of 
angle ZLE, the right angle, to the sine of angle LEZ whose magnitude is 
that of arc AS, the displacement of the azimuth line from the meridian line. 
Therefore the azimuth is known from this proportion, and that is what we 
wanted to prove. 

‘Otherwise, if we like, we divide the product of the sine of the modihed 
longitude times the total sine by the difference between the gauge and the 
total sine. The quotient obtained thereby is a measure of the tangent of the 
displacement of the azimuth from the meridian line. 

‘For example, in the last computations for the city of Ghazna, the product of 
the sine of the modihed longitpde times the total sine was i538;i7,o. We 
diyided this product by the difference between the gauge and thc total sine, 
which is 8 ;5 [6,6], and obtained the quoticnt 172 ;9,50, which is thc tangent 
of the displacement of the direction of the giblak at Ghazna from the south. 
The arc (tangent) ofthis displacement is 70 ;47,9 . 

‘Proof: We draw AW, a tangent line to the circle at A, and we produce ES 
until it meets the tangent line at W. Then AW is the tangent of arc AS, 
Eurthcr, the ratio of EL, the differcnce betwecn the gauge and the total sine, 
to LZ, rhe sine of the modihed longitude, is as the ratio of EA, the total sine, 
to AW, the tangent. Hence it (the tangent) is known. 

‘If we wish to find the cotangent hinction, we multiply the difference 
between the gauge and the total sine, and we divide the result by the sine of 
the modified longitude, and what results is thc cotangent for the distance of 
the azimuth from the south point. 

‘The practical method for the termination of the azimuth of the giblah is 
evidently as follows: if AHG is the meridian line in a circle whose plane is 
parallel to the horizon, and if we take arc AK equal to the colatitude of our 
town, arc KH equal to the latitude of Mecca, arc KF equal to the longi- 
tudinal difference between them, and if we join the segments FE and KE, 
and if we construct HT parallel to KE, and HY perpendicular to KE, and if, 
with centre E and at a distance EY, we draw the arc YN, and if we construct 
NO petpendicular to KE and extend NO to meet TH at M, and further, if 
we construCT MLZ perpendicular to AG, and we make LZ equal to NO, 
and if we produce EZ to meet the circumference of the circle at S, then ES 
will be the line of prayer, ’ 
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That is why, from unknown astronomers to 
hgures such as al-Biruni and Ibn al-Haytham (the 
Latin Alhazen), Muslims devised means for find- 
ing the direction of Mecca (the qiblah) and up to 
recent times (as seen in the treatise of the almost 
contemporary Persian traditional mathematician 
Sardar Kabuli) new methods were sought to 
facilitate the calculation of the direction of the 
qiblah. Practical religious need therefore sup- 
plemented profound metaphysical reasons con- 
nected with the nature of the Quranic revelation 
to make astronomy a main concern of Muslim 
scientists and to enable them to produce a vast 
corpus which has hardly been studied even now 
after decades of research by scholars of the East 
andthe West. 



c 


Pigure 34b. On iinding the direction of the qihlah according to Sardar 
Kabuli. 


line parallel to the east-west line. These two lines, one of which is paiallel to 
the longitudinal line and the other to the east-west line, intersect each other 
at some point. Connea a line from the centre of the circle to this point of 
intersection. This line will point in the direction of the giblah. [Of course 
from the point of view of astronomers this method gives only an approxi- 
mate answer! But the jurisprudents (fuqahd’) consider its accuracy to be 
sufficient.] As an example let us try to determine the direction of the giblah 
forthe city of Kermanshah [a city in Westem Persia which was the city from 
which the author of this treatise hailed]. 


Longitude flf Kermanshah 

46° 59' 

Longitude of Mecca 

39 ° 50' 

Difference between the two longitudes 

7 ° 9' 

Latitude of Kermanshah 

34 ° 19' 

Latitude of Mecca 

21'' 25' 

Difference between the two latitudes 

12" 54' 


‘Now we draw the “Indian circle”, divide it into four quarters and each 
quarter into ninety equal parts. Then from the ppint north, i.e., a we mark 
7° 9' towards the west d and from the point south c we also mark 7° 9' 
towards the west and then draw the line 22, parallel to the longiludinal line. 
Then we mark from each of the two points east and west (b and d) 12° 54' to 
the south and draw the line parallel to the east-west line. These two lines 
intersect each other at the point m. From the centre ofthe circle k we connect 
a line to m and continue it until it intersects the circumference of the circle 
at D. The line kD is in the direction of the giblah and the deviation of the 
direction of the giblah from the south towards the west is equal to the arc 
2,D.’ 


‘Conceming iinding the direction of the giblah with the aid of the “Indian 
drcle”* (dd’aTa-yi hindi). 

‘Concerning this problem our words are the same as those of Shaykh-i 
Baha’i [Baha’ al-Din ‘Amili] - may God sanctiiy his inner mystery - at 
the end of the iirst chapter of the sixth part of his book Habl al-matin. He hrst 
describes how to draw the “Indian circle”, to divide it into four parts and 
each part into 90 degrees. Then he adds that if the longitude of the city in 
question is more than the longitude of Mecca, mark the difference between 
the two longitudes from the point of south or north; and if thc longitude of 
the dty in question is less than that of Mecca do the same in the direction of 
the east. From the point found in this way on the drcle draw a line parallel 
to the north-south line. Do the same for the latitude of the dty in question 
and that of Mecca from the point east or west. If the latitude of the dty in 
question is less than the latitude of Mecca mark the difference between the 
two latitudes from east or west toward the nottb and if it is more toward the 
south. From the point thus found on the circumference of the circle draw a 


*The ‘Indian circle’ is one in which a gnomon is placed at the centre and 
according to the change of the shadow of the gnomon before and after noon 
the longitude and the east-west line perpendicular to it are found. 
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Plate 46. .An instrumcnt tbr linding thc dircction ol' the qiblah ; also used as a sundial. 
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Astronomy in its traditional Islamic set- 
ting is relerred to either as ‘ilm al-hay’ah, 
‘ilm al-nujum or ‘ilm al-falak and is concerned 
with observation of the fixed stars and planets, 
calculation of planetary motion and construction 
and use of astronomical instruments but, follow- 
ing Aristotle, not such phenomena as comets and 
shooting stars, which were relegated to the sub- 
lunar region. Muslims also developed the science 
of ‘fixed moments’ (for prayers), ‘ilm al-miqdt, 
as well as finding the direction of the qiblah 
which as mentioned formed part of astronomy as 
understood by Muslims.^ 

It is also important to note that as in 
Greek where for the most part astronomia and 
astrologia were used interchangeably and almost 
synonymously, in Arabic and Persian there was 
no clear distinction between the two terms, 
although some philosophers classified astronomy 
as a branch of mathematics and astrology as part 
of natural philosophy or occasionally the ‘occult 
sciences’ {al-ulum al-khafiyyah or gharibah). For 
example, when reference is made in classical texts 
to the munajjimun it is difficult to determine 
whether it means astronomers or astrologers. In 
most cases it means both. Although there were 
some authorities who accepted astronomy and 
condemned astrology, by and large the two inter- 
mingled and there was never in Islam the clear 
distinction that exists in the West today between 
astronomy considered as a science and astrology 
as a pseudo-science (with the embarrassing 
consequence that the supposedly pseudo-science 
seems to be attracting more Westerners than the 
science of astronomy itself in this supposedly 
most rational age of human history). 


2. See Anawati, ‘Science’, in Cambridge History of Islam, 
vol. 2, pp. 757-765; also A. I. Sabra, “ilm al-haya' in 
the Encyclopaedia of Islam (new edition). 

3. To this day the Arab world uses a form of the Julian 
calendar with ancient Syriac names for the months 
which have survived into Arabic, while Persia uses the 


Sources of Islamic Astronomy 

In astronomy as in the other sciences the 
main sources were Greek, Indian and Persian, 
except that in this field some Arabic inAuence of 
the pre-Islamic period is also to be observed. The 
pre-Islamic Arabs had had a long tradition of 
observing the heavens and to this day the nomads 
of Arabia as well as other parts of the Islamic 
world know more about the stars and various 
constellations than most modern educated city 
dwellers. 

The Arabs had divided the trajectory of the 
moon into twenty-eight stations (mandzil al- 
qamar), a system which was later adopted in both 
Muslim astronomy and astrology. Moreover, they 
developed a whole ‘science’ related to the man- 
sions of the moon and the first appearance of the 
light of each mansion and each lunar month, a 
‘science’ with the help of which they predicted 
meteorological phenomena as well as terrestrial 
events. This ‘science’, which is called ‘ilm al- 
anwd’ - naw’ being the appearance of the first light 
of the moon as it enters each hiansion - survived 
into the Islamic period and in fact was elaborated 
by Muslim scientists such as Ibn Qutaybah al- 
Dinawari, whose Kitdb al-anwd’ is the best 
known source on the subject in Arabic. 

Islam also adopted the Arabic lunar 
calendar, which determines the rhythm of religi- 
ous life for Muslims to this day. Moreover, some 
form of solar calendar has also been in use 
throughout Islamic history for agriculmral and 
administrative matters.^ But the Holy Quran for- 
bade the intercalation of the lunar year into the 
solar one according to the well-known ^erse:^ 
‘Postponement (of a sacred month) (al-nasi’ - 
meaning also intercalation) is only an excess of 
disbelief whereby those who disbelieve are mis- 
led...’(IX;37). 

This injunction is itself an explicit proof 
of the non-human origin of the Holy Quran, if 
proof be needed, for it means that the Holy Book 
foresaw long before the problem arose that the 
only way to preserve justice among Muslims 
was to forbid intercalation. The major Muslim 


Jalali calendar with names of the months derived from 
Mazdaean angelology. In Afghanistan the Jalali calen- 
dar is also used but the names of the months are those 
of the twelve Zodiacal signs. 

4. On the question of intercalation see C. A. Nallino, 
‘//m al-falak ‘indal-arab, Cairo, 1911, pp. 87!/. 
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rites, such as the daily prayers and fasting, are 
related to the times of sunrise and sunset. More- 
over, Islam is a world-wide religion with ad- 
herents living in various geographical locations 
where the length of day and climactic conditions 
differ greatly. Had the lunar year been fixed within 
the solar year - as some modernized Muslims un- 
aware of the consequences of their proposals 
suggest it should be - a grave injustice would be 
incurred in that some people would have to fast 
longer days or perform other religious rites under 
more difficult conditions throughout their lives. 
Only the forbidding of intercalation could ensure 
divine justice for all believers. In this verse the 
Holy Quran took into consideration the future 
state of the Islamic community far beyond the 
geographical confines of that small community in 
Arabia to which the message was originally 
addressed. 

In any case concern with the calendar con- 
tinued as a major pre-occupation of Muslim 
astronomers until with the Jalali calendar the 


Seljuq scientlsts - including Khayyam - who 
were responsible for its creation produced the 
most exact and perfect solar calendar to be used 
widely to this day. Muslim astronomers also 
devised more popular calendars used by farmers 
of which the best known in the West is the 
calendar of Cordova. These calendars served as 
models for the Westem farmers’ almanac. In fact 
the word almanac itself, from the Arabic al- 
mundkh (meaning climate), reveals the inAuence 
of Islamic works in this field in the West."’ 

Returning to the sources of Islamic 
astronomy, it must be mentioned that Muslims 
first became acquainted with Indian and Persian 
sources and only later with Greek ones. Because 
of their interest in determining the times of day 
and the direction for prayers Muslims became 
attracted early to foreign sources of astronomy 
and in fact the first extant scientific texts in Arabic 
are concerned with astronomy and astrology. 
Already in the 2nd/8th century Sassanid works 
had been translated into Arabic. Sassanid astro- 


Fi(?ure 35. .Miniature depicting the Holy Prophet preaching against intercalation. 


5. Ephemerides of the sun and the moon as functions of 
annual dates were discovered by Muslims in the 
7th I3th century and were the origin of the almanacs 


used later for navigation across the oceans by Westem 
sailors. 
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nomy and astrology were themselves deeply in- 
Auenced by Greek and Indian sources*^ and there 
is some disagreement among authorities of the 
subject, such as van der Waerden and Pingree, 
as to the degree of originality of Sassanid works. 
This matter is complicated by the fact that Indian 
astronomy and astrology had themselves been 
inAuenced earlier by Greek theories and that there 
was an extensive exchange of ideas in this held 
between Greece and India with Persia standing in 
between.’ In any case there are certain Sassanid 
theories such as the use of the flood as the begin- 
ning of cosmic cycles, emphasis upon the Jupiter- 
Satum conjunction, beginning the day at mid- 
night and of course the Yazdigird calendar,® 
which can be distinguished as distinct Persian 
elements. 

Besides several Pahlavi'treatises on astrol- 
ogy, most of which were themselves translated from 
the Greek and based largely on the popular treatise 
ofDorotheusof Sidon,®the capital workof Sassanid 
astronomy was the Royal Astronomical Tables^ 
Zij-i shdh or Zij-i shahriydr, assembled in the 6th 
century (A.D.) during the rule of Anushirawan 
but itself based on earlier tables. This Zij, the 
original of which is lost, is quoted extensively by 
such later astronomers as Masha’allah, Abu 
Ma‘shar al-Balkhi and al-Khwarazmi and in- 
Auenced Islamic astronomy greatly through 
them. In fact even after it was supplanted by 
Ptolemy in the eastern lands of Islam it continued 
to exercise inAuence in Andalusia for several 
centuries. Research in the last decade has revealed 
much more about Sassanid astronomy and its role 
in Baghdad during the early days of Islamic 
astronomy^® and it is now recognized that this 
inAuence was greater than earlier scholars had 
suspected. 

As for the Indian sources, such works as 
the Khandakhddyaka of Brahmagupta, the Aryab- 
hatiya of Aryabhata and the Mahasiddhanta 
based mostly on the Brdhmasputasiddhanta, most 

6. See D. Pingree ‘Astronomy and Astrology in India and 
Iran’, Isis, vol. 54, 1963, pp. 229-246; also Pingree, 
‘Masha’allah: Some Sasanian and Syriac Sources’, in 
G. Hourani (ed.), Essays on Islamic Philosophy and 
Science, Albany, 1975, pp. 5-14. 

7. See also Pingree, ‘On the Greek Origin of the Indian 
Planetary Model Employing a Double Epicycle’, 
Journal for the History of Astronomy, vol. 2, 1971, 
pp. 80-85. 

8. On the old Persian calendars and their historic im- 


of them already noted for their role in the rise of 
mathematics among Muslims, were also funda- 
mental for the spread of Indian astronomy. 
Again as early as the 2nd/8th century Muslims 
became thoroughly acquainted with Indian as- 
tronomy thanks to the translations of Ibrahim 
al-Fazari and Ya‘qub ibn al-Tariq. Al-Fazari 
himself composed a work entitled al-Sindhind al- 
kabir {The Great Sindhind) which was based on 
Indian parameters and means of calculation. The 
Sindhind tradition thus became dominant for a 
few decades until the translations of Ptolemy 
became known, but even then it continued to in- 
Auence certain astronomers, as for example the 
Andalusian al-Zarqali. 

The appearance of works by Ptolemy in 
the 3rd/9th century added a basic new element 
and laid a solid foundation for Islamic astronomy 
as a distinct school. The major astronomical opus 
of Ptolemy the Megalĕ syntaxis mathematikĕ 
(HE7aXT| (TUVTa^i5 ira0Tip.aTiKTi) was translated 
several times into Arabic by such masters as 
Hunayn ibn Ishaq and Thabit ibn Qurrah and is 
known to this day in the West in its Arabic form as 
Almagest. Moreover, other works of Ptolemy such 
as the Geography (containing elements pertaining 
to astronomy), Tabulae manuales, Hypotheses 
planetarum, Planispherium and the astrological 
work the Tetrabiblos were also rendered into 
Arabic. As for other Greek astronomers, the 
writings of Hipparchus, Aristarchus, Geminius, 
Antolycus, Theodosius, Hypicles, Theon and 
many others also became known to Muslims 
either in part or as a whole. As a result by the 
3 rd/9th century Muslims became thoroughly 
acquainted with the astronomical traditions of the 
Indians, Persians and Greeks and of course, 
through them, with those of the ancient Baby- 
lonians and Egyptians. The ground was thus well 
prepared for the remarkably intense activity in the 
field of astronomy which Muslims undertook 
from the 3rd/9th century onward and which they 

portance see S. H. Taqizadeh, Old Iranian Calendars, 
London, 1938. 

9. The astrological ideas of Dorotheus had a wide dis- 
semination from India to Europe and appeared in 
numerous languages. D. Pingree is now preparing a 
basic work on the original text of Dorotheus and its 
various recensions. 

10. See for example the recent works of Pingree, Kennedy 
and van der Waerden. 
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continued on a high level until the time of Tycho 
Brahe and Johannes Kepler and on a more sub- 
dued level even during the centuries which 
followed. 

Islamic Works on Astronomy 

The works in Arabic and Persian and even 
other Muslim languages, such as Turkish, on 
astronomy and allied subjects are of such great 
quantity that, despite two centuries of study by 
Western scholars, much of the material has re- 
mained nearly untouched while a great many 
works have been only partially analyzed. This 
vast corpus consists of works of several different 
types. Some are treatises devoted to a single facet 
of the science, such as the fixed stars or a particu- 
lar instrument. Some are descriptive accounts of 
astronomy without mathematical treatment of the 
subject. These range from simple descriptions 
given often in general works on philosophy to the 
Tadhkirah {Memorial of Astronomy) of Nasir 
al-Din al-Tusi, which is one of the major works in 
the field of astronomy but without recourse to 
mathematics. Yet another genre consists of 
calendrical works of one kind or another which 
are concerned with chronology, length of days of 
the year, etc. Then there are the zijes or tables 
which are numerous in the annals of Islam^^ and 
usually include results of observations in tabular 
form with extensive mathematical analysis and 
even occasionally discussion of mathematics 
itself. Some of the greatest Islamic works on 
astronomy such as the Hakimite, Il-Khanid and 
Ulugh-Beg tables are in this form. Pinally, men- 
tion must be made of astronomical compendia 
which try to embrace the whole of the field in an 
encyclopaedic but at the same time thoroughly 
analytical manner. To this class also belong some 
of the major works of Islamic astronomy such as 
the Qdnun aTmas^iidi (Mas‘udic Canon) of al- 
Biruni and the Nihdyat al-idrdk {The Limit of 
Comprehensiori) of Qutb al-Din al-Shirazi. 

To gain full knowledge of Islamic astron- 


11. The word zij entered into Arabic from Pahlavi and into 
Pahlavi from Sanskrit. It means originally ‘straight 
lines’ and is connected with the lines created on a field 
when the field is ploughed with the help of a cow or a 
bull. Most likely it came to be used in conjunction with 
astronomical tables because of the lines drawn in such 
works to tabulate the results of observation. There are 
numerous Muslim zijes, some of great signihcance and 


omy it woufd be necessary to study all these types 
of writing thoroughly. But unfortunately today 
even some of the most basic works, such as those 
of al-Biruni and al-Shirazi, have been only 
partially studied, not to speak of many which 
remain forgotten in manuscript form in various 
libraries. That is why almost every day there are 
still important and sometimes major discoveries 
made in this field, and what can be given as a 
history of Islamic astronomy today is incomplete 
to an extent even surpassing most of the other 
fields of Islamic science, which also suffer from 
the same fate to some degree or other. 


The Major Pigures of Islamic Astronomy 

Upon foundations laid in the 2nd/8th 
century major astronomical figures began to 
appear in the 3rd/9th century associated mostly 
with the city of Baghdad, but also including 
Harranians, some of whom remained Sabaeans 
while others converted to Islam only later in life. 
The leader of the group of astronomers respon- 
sible for observation, measurement and cor- 
rection of earlier tables or zijes, which for this 
reason were called ‘tested’ {mumtahan in Arabic 
and probati in Latin), was Habash al-Hasib, 
whose figure dominates the early 3rd/9th century 
at the court of al-Ma’mun and who spent forty 
years observing various astronomical phenomena 
including lunar and solar eclipses. Habash wan- 
dered from place to place in order to take maxi- 
mum advantage of each site for observation. In 
this he was followed by the Banu Musa, who also 
began their observations in Baghdad but travelled 
extensively. Altogether the astronomers of al- 
Ma’mun made many original observations, one of 
the most outstanding being the measurement of 
the meridian near Mosul, which they found to be 
111,814 nietres.^^ At the same time Abu Ma‘shar 
al-Balkhi was spreading the study of both 
astrology and astronomy relying heavily upon 
Sassanid materials and the famous Kitdh al-uluf 


others of only local interest. They have been surveyed 
by E. S. Kennedy in his A Survey of Islamic Astro- 
nomical TaI)/«r,Philadelphia, 1956. 

12. The actual value is 110,938 metres. See J. Vemet, 
‘Mathematics, Astronomy, Optics’, Legacy of Islam, 
P. 479 - 
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{The Book of Thousands), which had deep reper- 
cussions in certain circles in the Islamic world.’® 
Muhammad ibn Musa al-Khwarazmij 
already mentioned for his contributions to geo- 
graphy and mathematics, was also of importance 
in astronomy. He left behind two zijes, the greater 
and the lesser.^^ The lesser zij was adopted by 
Maslamah al-Majriti for the meridian of Cordova 
and translated by Adelard of Bath into Latin and 
thus exercised much inAuence in both Muslim 
and Christian Spain. Other astronomers of the 
period were also to be inAuential in the West. Al- 
Parghani (the Latin Alfraganus) composed the 
important Kitdb jTl-harakat al-samdwiyyah wa 
jawdmi'’ 'ilm al-nujiim {Principles of Astronomy), 
which marked a new phase in the study of 
Islamic astronomy. Al-Nayrizi, his near con- 
temporary, also known to the West (as Anaritius), 
composed a commentary upon the Almagest 
showing special interest in the use of spherical 
trigonometry in the solution of astronomical 
problems. The Harranian Thabit ibn Qurrah, 
who became a Muslim and who is among the most 
outstanding scientists of his day, wrote several 
works on astronomy and was especially con- 
cerned with the question of the movement of the 
solar perdgee and the exact measurement of the 
precession of the equinox. Pinally, his con- 
temporary Abu ‘Abdallah al-Battani (Albategnius) 
composed the Zij al-sdbi {The Sabaean Tables), 
which marks a peak of both observational ancji 
mathematical astronomy in Islam.^® Al-Battani 
was a careful observer who discovered the amount 
by which the sun’s apogee had increased since 
Ptolemy, He determined the inclination of the 
ecliptic with accuracy at 23^" 35' and made a careful 
study of lunar and solar eclipses which was used in 
Europe as late as the i8th century. 

In the 4th/ioth century extensive activity 
in astronomy continued with such hgures as Abu 
Sahl al-Kuhi, who was the chief astronomer of the 
Persian ruler Sharaf al-Dawlah, and ‘Abd al- 
Rahman al-$ufi, an acute observer who deter- 

13. SeeD.Pingree, The Thousandsof AbuMa‘shar, London, 
1968, where an ‘astrological history of science’ by Abu 
Ma‘shar is also discussed. It is of interest to note that 
the West hrst became acquainted with Aristotelian 
physics, not though some Peripatetic text, but with the 
help of the Introduction to Astrology of Abu Ma‘shar 
(Albumasar), which became very popular in the Latin 
world in the 5th/iith century. See R. Lemay, Abu 
Ma‘shar and Latin Aristotelianism in the Tweljth 
Century, Beirut, 1962. 


mined the exact length of day in Shira2 and whose 
^uwar al-kawdkib {Pigures of the Stars) is con- 
sidered one of the masterpieces of observational 
astronomy. It became rapidly the most authorita- 
tive source on the subject in the Islamic world 
and the most often illustrated text of astronomy. 
Its pages brought together the inspiration of 
many artists and the science of many astronomers 
in a perfect blend of art and science so charac- 
teristic of Islamic civilization. Through the Libros 
del saber de astronomia of Alfonso X el Sabio it also 
exercised much inAuence upon stellar toponymy 
in the West. 

Another Persian mathematician of note in 
this period, Abu’l-Wafa’ al-Buzjani, was also a 
noteworthy astronomer. His study of the evection 
of the moon was studied by L. A. Sĕdillot in the 
I9th century and interpreted as the third in- 
equality of the moon, a discovery which has always 
been attributed to Tycho Brahe. This led to one 
of the most heated controversies in the annals of 
modem research on Islamic astronomy, and 
hnally the views of Sĕdillot were rejected, without 
this detracting from the importance of Abu’l- 
Wafa’ for 4th/ loth century astronomy. 

Other contcmporaries of Abu’ 1 -Wafa’ con- 
tinued to produce major astronomical works. In 
Persia and the East in general several astronomers 
were active, such as Abu Mahmud al-Khujandi, 
who made the largest mural sextant known (the 
Eakhri sextant) to observe the meridian transits of 
the sun. But the foremost among these hgures 
was again al-Biruni, whose al-Qdnun al-mas'udi 
{Mas'udic Canon) is to astronomy what the 
Canon of Ibn Sina is to medicine. Unfortunately 
even today this work of al-Biruni, which is a 
compendium of Islamic astronomy up to his day 
and which contains a wealth of material concerning 
earlier schools of astronomy as well, has never 
been fully studied. Al-Biruni also wrote numerous 
treatises on special problems of astronomy and 
chronology and a general introduction to both 
astronomy and astrology, the Kitdb al-tafhim 

14. The greater zij is lost and survives only as part of the 
extant Hebrew and Latin versions of the commentary of 
Ibn al-Muthanna upon it. See R. Goldstein, Ibn aT 
Muthannd’s Commentary on the Astronomical Tables of 
al-Khwdrizmi, New Haven and London, 1967. 

15. No Islamic astronomical work has received as careful 
an analysis in modem times as this zij, which was 
thoroughly studied and translated into Latin by C. A. 
Nallino in his aTZij aTSdbi, 3 vols., Paris, 1893. 
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Figure36. Thcconstellation ‘ThcDragon’. 
Pigure 38. The constcllation ' I hc Dragon’, 




Pigure 37. The constellation ‘Hcrcules’. 


Pigure 39. The constellation ‘Cassiopcia’. 























{Elements of Astrology), which is especially im- 
portant in that al-Biruni wrote it in both Arabic 
and Persian. This was the hrst major work on the 
mathematical sciences in Persian and marks the 
beginning of a long tradition of works in this 
language which rely upon the model established 
by al-Biruni.'** 

During this period Cairo was also a major 
centre of astronomical activity. It was in this city 
tha; Ibn Yunus composed his al-Zij al-hdkimi 
{The Hdkimite TablesY'^ in 397/1007. This work 
again is a masterpiece of observational astronomy 
in which many constants have been measured 
anew and in which extensive use is made of 
trigonometry for the solution of astronomical 
problems. Ibn Yunus was also the first person to 
make a serious study of the oscillatory motion of a 
pendulum, which finally led to the invention of 
the mechanical clock. Ibn Yunus’s contemporary 
in Cairo, Ibn al-Haytham (the Latin Alha2en), 
although known primarily as a physicist and 
specialist in optics, is also important for the 
domain of astronomy both because of his study of 
the nature of the heavens and the measurement of 
the thickness of the atmosphere and the study of 
the effect of the atmosphere upon astronomical 
observations. 


Plate 47. The constcllations ‘The Little Bear’, ‘The Grcat Bear’ and ‘The 
Dragon’. 

Plate 48. The constellation ‘Perseus’. 


16. This work was translated from a faulty Arabic manu- 
script by R. Ramsay Wright as al-Biruni, The Book of 
Instruction in the Elements of the Art of Astrology, 
London, 1934. There is a masterly edition of the 
Persian text and a study of its signihcance in Islamic 
astronomy by J. Homa’i, Kitdb al-tafhm li awd’il 
sind‘at al-tanjim, Tehran, 1353 (A.H. solar). As an 
example of another of al-Biruni’s astronomical-astro- 
logical works available in English see Al-Biriini on 
Transits, trans. by M. Saffouri and A. Ifram with a 
commentary by E. S. Kennedy, Beirut, 1959; comple- 
mented by G. J. Toomer, ‘Notes on al-Biruni on 
Transits’, Orientalia, vol. 34, fasc. i, 1965, pp.'45-72. 
This work is also especially important for the question 
of the transmission of Indian astronomy to Islam. 

17. Studied and partially translated by Caussin de Perceval, 
‘Le livre de la grande table Hakĕmite’, Notices et 
extraits des manuscrits, vol. 7,1804, pp. 16-240. 



Plate 47 



Plate 48 
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Plate 55. Libra, 


The twelve signs of the Zo<liac. 


Plate 56. Scorpio. 


Plate 58. Capricorn. 




Plate 57. Sagiiiarius. 


Plate 54. Virgo, 


Plate 53. Leo. 
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Plate 6i. A ligure with many aitns representing the power of one of the planets. 
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In the later part of the 5th/iith and the 
6 th/i2th centuries activity in astronomy, as in 
most of the other ‘intellectual sciences’, diminished 
in the eastem lands of Islam, while the Maghrib, 
especially Andalusia, became the theatre of new 
activity in these helds. In the East the only really 
noteworthy astronomical work of this period was 
the Zij-i sanjari {The Sanjari Tables), assembled 
by ‘Abd al-Rahman al-Khazim along with the 
work done on the Jalali calendar. But in the 
Maghrib important astronomers appear, such as 
al-Zarqali (Azarquiel in the West), who proved 
the motion of the apogee of the stm with respect to 
the fixed stars and who edited the Toledan Tables}^ 
Meanwhile there developed among the philo- 
sophers of Spain a special dislike for Ptolemaic 
planetary theory and a defence of the Aristotelian 
homocentric system. This trend led through Abu 
Bakr Ibn Tufayl to his student Nur al-Din 
al-Bitruji (Alpetragius), who is responsible for 
the ‘theory of spiral motion’ and the most deve- 
loped criticism against Ptolemaic astronomy to 
appear in the Western lands of Islam. 

A major renaissance of Islamic astronomy 
took place in Persia in the yth/i^th century with 
the establishment of the famous observatory of 
Maraghah by Nasir al-Din al-Tusi and the bring- 
ing together of a number of outstanding scientists 
such as Qutb al-Din al-Shirazi, Mu’ayyid al-Din 
al-‘Urdi, Muhyi al-Din al-Maghribi and even a 
Chinese astronomer named Fao-Mun-Ji. The 
school of Maraghah marked a new chapter in 
Islamic astronomy. Besides producing the Zij-i 
ilkhdni {The ll-Khdnid Tables), written lirst in 
Persian and then translated into Arabic, it-made 
possible numerous works which, as will be 
mentioned later, deeply affected planetary theory. 
It also made possible the construction of new 
instruments and cooperation on a scale never 
attempted before by a group of astronomers to 
create an observatory in which both observation 


18. A major study has been devoted to various aspects of al- 
Zarqali’s astronomical works by J. M. Millas Yallicrosa. 
See his Estudios sobre Azarchiel, Madrid-Granada, 

1943-50. 

19. On the process whereby the bounds of the cosmos were 
broken in the West see A. Koyrĕ, Erom the Closed 


and computation were carried out by teams of 
scientists. 

In the 8th/i4th and 9th/i5th centuries the 
aura of Maraghah still lingered on the horizons. 
While certain individual scholars such as Ibn 
al-Shatir of Damascus continued to study the 
implications of the new planetary theories of Tusi 
and Shirazi, in Samarqand a major new observa- 
tory was established on the model of Maraghah by 
Ulugh Beg, himself both ruler and astronomer. 
But the leading light of the group in Samarqand 
was Ghiyath al-Din Jamshid al-Kashani, the 
already mentioned mathematician, who had com- 
posed the Zij-i khdqdni. While in Samarqand he 
cooperated with Ulugh Beg, Qadi-zadah Rumi 
and several other astronomers to compose the 
Zij-i Ulugh Beg, which is again one of the master- 
pieces of observational astronomy and noted for 
its new observation of fixed stars. 

After Samarqand Islamic astronomy 
gradually began to recede into the background. 
Despite a short period of activity by Taqi al-Din 
in the loth/16th century in Istanbul and individual 
efforts in Persia as well as the Maghrib, no major 
new works comparable to those of the early 
centuries appeared. In fact it seems that the 
Islamic astronomers, after having studied all the 
intricacies of the closed Ptolemaic-Aristotelian 
universe, remained content with seeking the 
Inhnite in the beyond instead of breaking the 
bounds of the cosmos.^® It needed a revolt against 
Heaven to rend asunder the bounds of the medi- 
aeval linite Universe. This act, however, did not 
result in making the Inhnite more accessible to 
man but had the ultimate consequence of profan- 
ing an esoteric truth and thereby shattering the 
‘iconic’ aspect of the cosmos, which alone per- 
mitted the vast majority of men to gaze upon the 
sky as the roof of the world and therefore to be 
aware of the Inhnite beyond and above the closed 
world depicted by traditional astronomy. 


World to the Injinite Unmerse, New York, 1958. Anyone 
acquainted with the structure of Islamic thought can 
see why such a process could not have taken place in 
Islam despite all the available scientihc tools and 
techniques, which were put to quite different use in the 
West. 
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The Development of Planetary Theory 

Until the 4th/ioth century Muslims fol- 
lowed Indian and Persian planetary models, 
while from the time of al-Battani the Ptolemaic 
theory became completely dominant. For the next 
two to three centuries Islamic astronomers occu- 
pied themselves with rehning the intricacies of 
Ptolemaic planetary theory, with which they 
became ever more dissatished as they improved 
various constants and made more accurate calcu- 
lations. This hnally led to two types of criticism 
of the Ptolemaic system, which came in the 6th/ 
I2th and yth/isth centuries at the two ends of the 
Islamic world. As already mentioned, partly as a 
result of a domination of a purer form of Aristo- 
telianism than was prevalent in the East, a wave of 


criticism arose in Spain in the 6th/i2th century 
against Ptolemy and in favour of the Aristotelian 
spheres, which had in fact also been well-known 
to the eastem Peripatetics such as Ibn Sina, who 
describes them fully in his Shifd’. But in Spain 
attempts were made to create astronomically 
meaningful models based on the Aristotelian 
system and to do away with the epicycle-deferent 
system of Ptolemy, which moreover displaced the 
earth from the centre of the Universe. Al-Bitruji 
marks the peak of this movement which, however, 
remained more of philosophical than astronomical 
signihcance, although this attempt to criticize 
Ptolemy was of some importance in the later 
attacks made against him during the Renaissance 
inthe West. 


Plale 62. Diagram by al-Biruni showing eolipses ot iho moon. 
















Fi(^res 40 and 41. Diagrams by al-Biruni and al-'i'usi showing cclipscs of 
thc sun and thc moon. 







Figure4i 



Figure42. Planctary model by al-Biruni. 


Plate 63. The deferent and the ecliptic. 
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In Persia the criddsm of Ptolemaic 
planetary theory was of much greater astronomical 
importance. In his astronomical masterpiece, the 
Tadhkirah {Memorial of Astronomy), Na§ir al-Din 
al-Tusi criticized severely the shortcomings of the 
Ptolemaic planetary model. His associate Qutb 
al-Din al-Shirazi in his Nihdyat al-idrdk {The 
Limit of Comprehension) followed the suggestions 
of his teacher and applied the Tiist-couple to 
Mercury, while the Damascene Ibn al-Shatir 
applied the new theory to the motion of the moon 
and produced a lunar model identical with that of 
Copernicus. The new planetary model applied 
mathematically by Qutb al-Din and Ibn al-Shatir 
was proposed originally by Nasir al-Din and has 
for this reason been called by its discoverer E. S. 
Kennedy the Tusi-couple. It is a model which uses 
only uniform circular motion and is based, to use 
modem language, on one vector moving at the end 
of another. To quote Kennedy’s own words: 

‘He [Tusi] seems to have been the hrst to 
notice that if one circle rolls around inside the 
circumference of another, the second circle having 
twice the radius of the hrst, then any point on the 
periphery of the hrst circle describes a diameter of 
the second. This rolling device can also be 
regarded as a linkage of two equal and constant 
length vectors rotating at constant speed (one 
twice as fast as the other), and hence has been 
called a Jusi-couple. Na§ir al-Din, by properly 
placing such a couple on the end of a vector 
emanating from the Ptolemaic equant centre, 
caused the vector periodically to expand and 
contract. The period of its expansion being equal 
to that of the epicycle’s rotation about the earth, 
the end-point of the couple carries the epicycle 
centre with it and traces out a deferent which 
fulfils all the conditions imposed upon it by 
Ptolemy’s observations. At the same time, the 
whole assemblage is a combination of uniform 
circular motions, hence unobjectionable, and it 
preserves the equant property, also demanded by 
the phenomenon itself.’*“ 


Pigures 43,44, 45 and 46. Various models for planetary motion by Nasir 
al-Dinal-Tusi. 


20. E. S. Kennedy, ‘The Exact Sciences in Iran under the 
Saljuqs and Mongols’, Cambridge History of Iran, 
vol. 5, p. 669; see also E. S. Kennedy, ‘Late medieval 
Planetary Theory’, Isis, vol. 57,1966, pp. 365-378. 
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Pigure 47. A page from the astronomical section of the Persian encyclo- 
paedia Durrat al-tdj of Qutb al-Din al-Shirazi. 
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Without doubt this new planetary theory 
as applied by the entourage of Tusi at Maraghah 
and later Islamic astronomers is the most im- 
portant transformation brought about in this 
aspect of astronomy by Muslims. Through chan- 
nels which are not completely clear - although it is 
known that Byzantine scholars translated some 
works of Islamic scientists into Greek during the 
Il-Khanid period - the fruit of the planetary 
theory of the school of Maraghah reached 
Copernicus and later European astronomers, who 
used it in the new heliocentric world-picture 
which became dominant in the West after the 
i6th century, while the Muslims, who were com- 
pletely aware of the possibility of the heliocentric 
system, remained content with the geocentric one. 
They realized, as al-Biruni stated explicitly, that 
the decision in this matter was more a meta- 
physical and theological question than an astro- 
nomical one,^^ and they shunned that step, which 
could not but contribute to the loss of equilibrium 
for humanity whose dire consequences parade 
before the eyes of the modern world today. 

Pigure^Se 


Fipires 48 a,b,c,dande.Thelaterdevelopmentofplanetarytheoryby 21. See Nasr, An Introduction to Islamic Cosmologicul 

Nasiral-Dm,Qutbal-DinandIbnal-Shatir. Doctrines,pp. 135-136. 
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Observatories and Astronomical 
Instruments 

The earliest record of an astronomical 
observation in the Islamic world dates back to 
184/800 when Ahmad al-Nahawandi observed 
the motion of the sun in Jundishapur in Persia. 
But it took several centuries for the observatory 
to be brought into being as a distinct scientihc 
institution.^^ The earlier astronomers, such as 
‘ Abbas ibn Pimas of CordoYa, worked in their own 
houses or on nearby hills or even used minarets as 
in the case of the Giralda tower in Se^ille, which 
is said to have been used for this purpose by Jabir 
ibn Aflah. Occasionally also observatories were 
built for individual astronomers, such as that of 
Ibn Yunus on the Muqattam hill on the outskirts 
of Cairo. Altogether most Muslim cities had an 
observatory in one form or another which usually 
fell into disuse and ruin with the death or falling 
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Plate 64. The opening page af the 7 .>j of Ulugh Beg. 


out of favour Df the astronomer who built it, or the 
disappearance from the scene of his patron. 

With the establishment of the observatory 
at Maraghah in 657/1259 the history of the obser- 
vatory entered a new stage.^’’’ Na§ir al-Din was 
able to tum the observatory from an individual 
concem to a scientiAc institution in which a note- 
worthy group worked together and which did 
not depend for its survival upon an individual. 
Recent excavations by the Azarabadegan Uni- 
versity of Tabriz in Maraghah have unearthed the 
foundations of this observatory and made known 
many aspects of its construction. There is no doubt 
that the Maraghah observatory is the first in the 
history of science as such institutions are under- 
stood today. 

Moreover, Maraghah had a direct link 
with the early Westem observatories. About a 
century after Maraghah the observatory of 
Samarqand was established on a grandiose scale 
based in every way upon Maraghah. In fact Ulugh 
Beg tried consciously to re-create at Samarqand 
the ambience and the instruments which had 
enabled the Maraghah scientists to achieve what 
they did. For this reason the Samarqand observa- 
tory, of which more survives than that of Maraghah, 
is a key to an understanding of the earlier obser- 
vatory established by Na§ir al-Din. 

A third major observatory of this kind was 
established in Istanbul in 983/1575 by Taqi 
al-Din. Although it was short-lived and its 



Pigure 49. A painting of the reconstruction of the Samarqand Observatory. 


22. The definidve work on the history of the astronomical 
observatory in Islam is sdll A. Sayili, The Obsewatory in 
Islam, Ankara, 1960. As for the general history of 
astronomy among Muslims, including observatories 
and astronomical instruments, see E. Wiedemann, ‘Zu 
der Astronomie bei den Araben’, Aufsdtze zur ara- 
bischen Wissenscha/tsgeschichte, vol. i, pp. 258-271 j and 


Wiedemann, ‘Astronomische Instrumente’, Aufsdtze 
•",PP'544-564' 

23. For the details conceming this observatory see Sayili, 
op. cit. Of course excavadons of the last few years have 
added a great deal of information to that assembled by 
Sayili. 
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Plate 65. Taqi al-Din and other astronomers working in Istanbul. 
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destruction was ordered by the caliph angered by 
certain predictions of the astrologers, it is of great 
importance in that most likely it is to some extent 
on the basis of the Istanbul observatory as well as 
the earlier ones of Samarqand and Maraghah that 
the first major observatories of the West such as 
those of Brahe and Kepler were constructed and 
supplied with similar instruments. The observa- 
tory as a scientific institution is one of the impor- 
tant achievements of Islamic science. 

In the East, meanwhile, no major obser- 
vatories were built after Istanbul except in the 
sub-continent of India, where in the I2th/i8th 
century the Indian Prince Jai Singh constructed 
major observatories in several cities including 
Delhi, Jaipur and Ujjain. These observatories, 
although containing some elements of Hindu 
astronomy, are essentially continuations of the 
Islamic observatories and therefore represent the 
most precious remains of the long tradition of 
observatory building in the Islamic world. As for 
the Islamic countries themselves, until a century 
or two ago in many cities such as Yazd in Persia or 
Fez in Morocco there were still observational 
towers and the like, and the present century marks 
curiously enough the first time in a millennium 
that most of the Islamic countries are devoid of 
observatories.^‘' 

As far as astronomical instruments are 
concerned, Muslims had a special love for instru- 
ment building, into which they poured their 
artistic gifts, creating works of art which in the 
characteristic Islamic manner combined beauty 
and utility. The love for astronomy and astro- 
nomical instruments even caused Muslim archi- 
tects to decorate buildings with them, the earliest 
example being the Qusayr ‘Amrah Umayyad pal- 
ace of the early 2nd/8th century where the constel- 
lations are represented; later fine examples are 
found from the Safavid, Zand and Qajar periods 
in such Persian cities as Isfahan and Shiraz. 
Mosques also throughout the Islamic world have 
almost always been embellished with sundials of 
various degrees of perfection, accuracy and 
beauty. 


Pigure 51. Kcmnanis ()f thc Samarqand ()bservalorv discovcrcd in rcccnt 
cxcavations. 


24. It is a sad state of affairs when most Wcstern-educated 
Muslims who criticizc their own culturc for not having 
produced ‘science’ in the modern Westcm sense are 
not even awarc of this and many othcr pertinent facts 
related to the domain of the traditional scicnces. 


Pigure 51 
































































































l’latc 66 


PiRure 52. A sundial frum Morocco. 


l’latcs 66 and67. rwo vie\vs of thv Jai Singh ()bservatory, Jaipur. India 
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Higure 53 


The most important Islamic astronomical 
instrument is of course the astrolabe, which ccn- 
sists of the stereographic projection of the celestial 
sphere on the plane of the equator taking the pole 
as the yiewpoint. The circle of declination and the 
azimuthal co-ordinates appear on the plates of the 
astrolabe, while the asterisms are on the spider or 
net. This multi-functional instrument can deter- 
mine the altitude of the stars, the sun, the moon 
and other planets in much the same way as the 
sextant or quadrant. The astrolabe can also be 
used to tell time, and to measure the height of 
mountains and the depth of wells.^' 


Higure 53. A sundial from Old Cairo, Egypi. 

Plate 72. A sundial from Pcrsia. 

Pigures 54, 55 and 56. Dcscription of thc astrolabc according to al-Biruni, 


25. On the astrolabe and ways of using it the best work is 
still that of W. Hartner, ‘The Principle and Use of the 
Astrolabe’, chapter 57 of A.U. Pope and P. Ackerman 
(eds.), A Suwey of Persian Art, vol. VI, Tokyo, n.d., 
pp. 2530-2554; also in W. Hartner, Oriens - Occidens, 
Hildesheim, 1968, pp. 287-311. On the Islamic 
astrolabes see L. A. Mayer, Istamic Astrolabists and their 
Works, Geneva, 1956. 
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Plate 72 





Figure55 



Pigure 56 
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The astrolabe owes its origin to the 
pre-Islamic period. The Christian philosopher 
Johannes Philoponus wrote a treatise on it in Greek 
and the Christian bishop of Kennesrin, Severus 
Sebokht of Nisibis, also wTOte a description 
of the astrolabe in Syriac. The earliest treatise in 
Arabic on the astrolabe dates from the 3rd;9th 
century and is by Masha’allah, the Messahalla who 
intluenced Chaucer in his treatise The Conclusions 
of the Astrolabie. But the original of this treatise is 
lost and it survives only in its Latin version. The 
earliest extant manuscript in Arabic on the sub- 
ject is by ‘Ali ibn ‘Isa, followed by numerous later 
works in Arabic, Persian and other languages, 
some by relatively unknown authors, others by 
such masters as aTBiruni and Na§ir al-Din al-T usi. 
As for the astrolabe itself, the earliest one extant is 
from 4th loth century Isfahan, while numerous 
other examples survive from later centuries from 
India to Morocco. Some, like that of Shah Sultan 
Husayn, the last Safavid king, are of unparalleled 
hnesse and delicacy. Altogether some of the astro- 
labes are outstanding examples of Islamic art. 
Perhaps that is why they caught the eyes of 
Europeans in the i^th century and today most of 
the hne ones are housed in European and American 
museums. 


Plate 74 


Plates 73, 74, 75, 76, 77 and 78. Astrolabes from various parts of the 
Islamic world. 


Plate 75 






Plate 77 


Plate 79. A CDntcmporary mastcr astrolabc makcr ol Islahan. 


Plate 78 


Plate 76 
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Figure57 



Pigures 59 and 60. Hront and back nf an astroiabe withgears. 

Higure 61. Hroni of a Persian nocturnal, a mechanical instrument to show 
thc dircction of thc stars. 
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Since the astrolabe needs as many plates as 
the number of latitudes employed, it usually 
becomes heavy and cumbersome to carry about. 
As a result attempts were made to improve upon 
it. Thus ‘Ali ibn Khalaf in the 4th/ioth century 
invented the ‘universal plate’ which was the 
stereographic projection of the sphere on a plane 
perpendicular to the ecliptic and cutting it 
according to the solstitial line of Cancer-Capricorn. 
Al-Zarqali followed with his famous instrument 
al-safihah, which was an astrolabe in which the 
two stereographic projections of the circles of the 
equator and the ecliptic were presented on the 
same surface.‘'^‘‘ His compatriot Jabir ibn Aflah had 
also invented a ‘universal instrument’ to be used 
for astronomy as well as mathematics and physics, 
an instrument which many consider as the fore- 
runner of the European torquetum. Eollowing them 
Mu?affar Sharaf al-Din al-Tusi invented the 
linear astrolabe to simplify the instrument. 

Certain Muslim astronomers had also made 
mechanical astrolabes by which the positions of 
planets and stars were determined with the help 
of a gear mechanism. Al-Biruni had already 
possessed such an instrument and it was later 
perfected by the Andalusian astronomer Ibn 
al-Samh with his ‘plates of the seven planets’ and 
by al-Zarqali. This instrument spread later into 
Europe and was the forerunner of the mechanical 
clock. Altogether the Muslims developed three 
kinds of astrolabes: the flat ones which are the 
most common, the linear one called also the ‘staff 
of Xusi’ after its inventor Muzaffar Sharaf al-Din 
al-^usi, and the spherical one of which some 
descriptions survive2’ but of which there is but a 
single complete example known to be extant, the 
famous one at Oxford. 


26. See J. Vemet, ‘Mathematics, Astronomy, Optics’, 
PP- 475-476. 

27. See for example, C. Pellat, ‘L’astrolabe sphĕrique d’al- 
Rudani’, Bulletin d’Etudes Orientales, vol. XXVI, 1973, 
pp. 7-83, whcre the Arabic text of al-Ndfi‘ah 'ala’l-dlat 
al-jdmi‘ah of the Moroccan scientist and Sufi is given 
and analyzed. The text describes an instrument which is 
both a spherical astrolabe and an armillary sphere. The 
instrument itself has not, however, been as yet dis- 
covered. 


Muslims also used many other astro- 
nomical instruments. For example, the azimuthal 
quadrant (dhdt al-rub‘ayn) was known to Ibn Sina 
and perfected by Na§ir al-Din. It was the pre- 
decessor of the theodolite used by Tycho Brahe to 
determine altitudes and azimuths. Muslims also 
made numerous zodiacal armillaries (dhdt al- 
hilaq) and celestial globes, some of which still 
survive, and equatoria to predict planetary longi- 
tudes.^** Altogether the art of making astronomical 
devices reached its peak at Maraghah where 
Mu’ayyid al-Din al-‘Urdi was responsible for the 
construction of the instruments.^® 


Plate 80. Spherical astrolabe. 



28. See E. S. Kennedy, ‘The Equatorium of Abu al-Salt’, 
in Physis-Rivista internazionale di storia della sciema, 
vol. XII, fasc. I, 1970, pp. 73-81; and E. S. Kennedy, 
The Planetary Equatorium of Jamshid al-Kdshi, Prince- 
ton, 1960. 

29. On the instruments at Maraghah see H. J. Seemann, 
‘Die Instrumente der Sternwarte zu Maragha nach den 
Mitteilungen von al-‘Urdi’, in Sitzungsberichte der 
Physikalisch-medizinischen Soeietdt, Erlangen, vol. 60, 
1928, pp. 15-126. 


t23 



PlaieS; 




































Plate 83 


Plate 83. An astronomer observing a meteor with a quadrant. 
Plate 84. Astronomers working with an armillary sphere. 


Plate 84 
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A point of much interest is the remarkable 
similarity between the instruments described by 
al-‘Urdi, those described by Taqi al-Din in his 
work on the Istanbul observatory, and those 
found in Tycho Brahe’s Astronomiae instauratae 
mechanica. A comparative study^® reveals the 
strong inAuence of Islamic instruments upon 
those used by Tycho and other European astro- 
nomers. For example, the mural quadrant in which 
Tycho took great pride and which he called Ticho- 
nicus was also built by Taqi al-Din and called by 
him libnah.^^ The same is true of many of the 
other instruments described by Taqi al-Din and 
going back ultimately to the Maraghah observa- 
tory. Altogether a close study of later Islamic 
astronomical instruments reveals the astonishing 
degree to which early European observatories 
followed Islamic models, although inasmuch as 
they breathed in an already secularized cosmos 
the European astronomers reached very different 
conclusions from those of their Muslim pre- 
decessors while making use of both their ideas and 
theirinstruments. 


Astrology 

Astrology as a systematized art originated 
in Ptolemaic Egypt while its cosmological sym- 
bolism recedes into the dawn of human htstory 
and antedates all historical records of various 


30. See S. Tekeli, ‘Alat-i rasadiye li zic-i ^ehin^ahiye’, 
Ara^tirma, 1964, pp. 71-122, containing the text of the 
treatise on the instruments of the Istanbul observatory; 
and S. Tekeli, ‘Nasiriiddin, Takiyiiddin ve Tycho 
Brah’nin Rasat aletlerinin mukayesesi’, Ankara Unwer- 
sitesi Dil ve Tarih-Cograjya Pakultesi Dergisi, vol. 
XVI, No. 304, 1958, pp. 302-393, where a careful 
comparison is made between the instruments of 
Maraghah, those of the Istanbul observatory as de- 
scribed in Taqi al-Din’s Sidrat al-muntahd and Aldt 
al-rasadiyyah li zij shdhanshdhiyyah and the instru- 
ments oITycho. 

31. S. Tekeli,op. cit.,p. 329. S. Tekeliisoftheviewthatthe 
torguetum so popular in the West did not come from 
Turkey but from the equatorial armillae {dd’irat 
al-mu‘addil) so common in the eastem lands of Islam 
up to the 9th/i5th century. 

32. See G. Di Santillana and E. von Dechend, Hamleds 
Mill. 


human civilizations.^^ It was in fact the profound 
symbolism inherent in astrology which made its 
integration into Islamic civilization and especially 
into certain aspects of Islamic esotericismpossible, 
despite the obvious external differences between 
the astrological attempt to predict future events 
and the Islamic emphasis upon the omnipotent 
character of the Divine Will. Throughout Islamic 
history theologians and jurisprudents continued 
to oppose astrology and with the same persistence 
astrology continued to be cultivated on the 
popular level as well as by outstanding astrono- 
mers and even masters of gnosis.^^ The loss oftlie 
metaphysical foundations upon which all tradi- 
tional sciences including astrology are based has 
made of this art today a real superstition according 
to the very etymology of this term. But in the 
traditional universe of Islam it was possible fora 
single person to be a rigorous mathematician of 
the level of al-Biruni or Nasir al-Din al-Tusi and 
at the same time compose treatises on astrology 
without the least contradiction or hypocrisy. It 
would be a grave error to read back into history the 
fragmented vision of reality in which modern man 
- including modernized Muslims - takes pride.®^ 
The world in which the traditional Muslim found 
himself was vast enough to enable both the 
mathematical aspects of astronomy and the sym- 
bolic aspects of astrology to survive together, often 
in the mind of a single astronomer or philosopher. 


33. Hermeticism and along with it both astrology and 
alchemy were integrated on the highest level into cer- 
tain schools of Suhsm because of the contemplative 
quality of the symbolism inherent in the Hermetic cos- 
mological sciences. For a unique analysis of the inte- 
gration of astrology into Suhsm see T. Burckhardt, 
Cle spirituelle de 1’astrologie musulmane, Paris, 1950. On 
the question of the attitude of various Muslim sayants 
to astrology as well as a thorough discussion of the 
sources and history of Islamic astrology see M. Ull- 
mann, Natur- und Geheimwissenschajt im Islam, chapter 
5. See also C. A. Nallino, Raccolti di scritti editi e 
inediti, vol. 5, Rome, 1944. 

34. Few facts can be more embarrassing for modernhed 
men, who take pride in the gradual ‘evolution’ of 
humanity away from superstition toward rationalistic 
‘enlightenment’, than to witness that the number of 
works published today in many of the cities of the 
most industrialized countries of the West, which are 
citadels of rationalism, on the ‘occult sciences’, includ- 
ing astrology, is greater than those written on the 
oBicial sciences. 
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The sources of Islamic astrology are the 
well-known Greek works such as those of 
Dorotheus of Sidon, Ptolemy, AntiochuSj Yettius 
Yalens and Teukros along with Sassanid writings 
which were often Pahlavi translations of the same 
Greek texts, and Indian astrological writings. The 
Muslim astrologers had greater information at 
their disposal and were more exact in assembling 
their material than their predecessors. But the 
branches of astrology among Muslims are the 
same as' among the Greeks or ancient Persians. 
They include judicial astrology, dealing with the 
prediction of the future of events or institutions, 
genethliac astrology, dealing with the horoscopes 
of individuals, and the cosmological aspect of 
astrology. Many Muslim thinkers were attracted 
only to the cosmological symbolism of astrology, 
while the astronomers who were also devoted to 
astrology often shied away from casting horo- 
scopes and foretelling the futures of individuals.^“ 
Of course horoscopes were made, especially for 
important historical personages such as kings and 
viziers; even astrological histories of mankind 
were attempted, the best known being those of 
Masha’allah and Abu Ma‘shar al-Balkhi, who was 
the most famous of mediaeval astrologers in both 
the Islamic world and the West.*® Muslim astro- 
nomers also took special advantage of the interest 
of rulers in astrology to advance the cause of 
astronomy, as seen so clearly in the roles of al- 
Biruni and Na§ir al-Din vis-a-vis Mahmud of 
Ghazna and Hulagu, respectively. 

At one extreme, astrological symbolism 
based on the wedding between heaven and earth 
and a study of the angelic aspect of cosmic reality 
in determining the course of events in the ter- 
restrial domain became an organic aspect of 
Islamic metaphysics and cosmology. This aspect 
of astrology appears in works of authors as diverse 
as Ibn Sina, Suhrawardi and even the Ash‘arite 
theologian Pakhr al-Din al-Razi. At the other 
extreme, popular astrology combined with other 
‘predictive’ arts to provide a means for certain 
people to alleviate their anxieties about the future. 


35. Al-Biruni in fact gives detailed astrological reasons why 
exact predictions cannot be made. On al-Biruni’s 
astrological views see Nasr, An Introduction to Islamic 
Cosmological Doctrines, chapter 9. 


In this respect astrology was divided into three 
branches: questions {masdHt) concerning the life 
and activities of someone who is absent; selecting 
propitious moments for undertaking an important 
event in life {ikhtiydrdt); and hnally foretelling 
the future of a particular individual. 


Plate 85. The horoscope of ihc Pcrsian Qajar king Fath ‘Ali Shah 



36. See Kennedy and Pingree, The Astrological History of 
Mdshd^alldh, Cambridge (U.S.A.), 1971; and Pingree, 
The Thousands of Abu Ma‘shar. 
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Plate 87. Page from an astrological treatisc describing the inAuence of the various houses. 
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Pigure 6). A chan determining astrological inAuences on various daily 
aaions. 


Pigure 62. A page from an astrological treatise. 


37. The Islamic contribution to this branch of astronomy is 
revealed by the number of stars still bearing Arabic 
names in European languages. 


Despite the opposition of religious authori- 
ties to the predictive aspect of astrology, its 
practice has continued far and wide in Islamic 
civilization over the centuries. Many notable 
astronomical treatises have astrological sections 
attached to them and numerous pages of Arabic, 
Persian, Turkish and other literatures of the 
Islamic peoples are concerned with the inter- 
relation between man’s terrestrial life and celestial 
inAuences. But on the highest level, namely in 
metaphysical and gnostic works, the powerful 
symbolism of astrology has been integrated per- 
fectly into Islamic esotericism. In these works 
astrology is revealed to be in its symbolic aspect a 
means whereby man rediscovers his own cosmic 
dimension and becomes aware of his own angelic 
and archetypal reality and the inAuence of this 
reality upon his terrestrial existence. This was 
achieved without in any way destroying or weak- 
ening the direct relation which man possesses 
vis-d-vis the metacosmic Reality, which lies at 
once beyond the Universe and at the centre of his 
own being. 


The Achievements of Islamic Astronomy 

It is not easy to evaluate more than a 
thousand years of activity in the field of astronomy 
ranging from Spain to India, especially when 
numerous works remain neglected in various 
libraries, and writings of even such major figures 
as Qutb al-Din al-Shirazi have not as yet been 
printed. Nevertheless, as already mentioned, as a 
result of nearly two centuries of research on 
Islamic astronomy by Western and Muslim 
scholars, there have appeared numerous books 
and articles which reveal at least the main contours 
of Islamic astronomy although without doubt lib- 
raries in various countries still hold many sur- 
prises for future scholars. 

The first notable feature of Islamic astro- 
nomy is of course the vast amount of actual 
observation that was made of the heavens, far 
more than was undertaken by the Greeks. The 
observations of Muslim astronomers dealt with 
all aspects of astronomical phenomena. Old 
constants were improved, new star catalogues 
composed and many new stars discovered,^’ the 
inclination of the ecliptic was remeasured, the 
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motion of the solar apogee was observed and tied 
to the movement of the fixed stars (i.e., the 
gradual precession of the equinox), and other im- 
portant discoveries concerning the movement of 
various planets were made. 

Another important feature of Islamic 
astronomy was the new methods of applying 
mathematics to astronomy. As already mentioned 
Muslim scientists used the calculus of sines and 
trigonometry instead of the calculus of chords and 
were therefore able to achieve much greater 
precision in their measurements. They also per- 
fected computation techniques dealing with 
the motion of the planets far beyond anything 
achieved before. 


Islamic astronomy attempted essentially 
to refine and at the same time criticize Ptolemaic 
astronomy. It added a ninth heaven to account for 
diurnal motion and deleted the sphere which 
Ptolemy had placed at each heaven to com- 
municate diurnal motion. But this criticism went 
far beyond astronomical intricacies. It involved, 
as already seen, one type of criticism emanating 
from the point of view of Aristotelian cosmology 
and another which was also essentially of a 
philosophical nature associated with Tusi and his 
collaborators, who saw as the greatest fault of 
the Ptolemaic system that the earth was not 
actually at the centre of the Universe. As a matter 
of fact the first type of criticism did not produce a 



Pigure 64. The mne heavens of Islamic astronomy. 


Plate 88. The nine heavens of Islamic astronomy. 
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new mathematical model while the second did; 
but from the point of view of the history of 
astronomy, and especially i6th century debates 
about geocentric astronomy in the West, both are 
of great importance. The major lesson to learn 
from this aspect of Islamic astronomy is that 
Muslims had all the technical knowledge neces- 
sary to overthrow the Ptolemaic system, including 
knowledge of the heliocentric system, but they 
did not do so because they had not as yet become 
forgetfuI of the symbolic content of traditional 
astronomy nor of the fact that the best way to 
remind most men of the presence of God is to 
remind them of the limited character of the 
created world. 

The concern of Muslim astronomers with 
measuring the size of the Uniyerse was related to 
this deep insight. Using the principle that there is 
no ‘waste’ in the cosmos and that therefore the 
outer limit of each sphere had to be tangent to the 
inner limit of the next, and also benehting from 
the measurements of Greek astronomers like 
Hipparchus, Eranosthenes and Ptolemy, they 
gave tables for distances of planets and the fixed 
stars.^* Those of al-Farghani and al-Biruni were 
especially famous and those of al-Farghani in 
addition inAuenced Western thinkers for several 
centuries. 

But perhaps the most enduring contribu- 
tion of Muslims to the history of astronomy was 
their transforming the Ptolemaic spheres from 
merely mathematical models to ‘physical’ realities. 
It is known that the Greek mathematicians and 
astronomers spoke of ‘saving the phenomena’ and 
saw the role of science as devising models which 
help to ‘save the phenomena’ studied.^** Aristotle 


38. On the dimensions of the Universe among Muslims 
see W. Hartner, ‘Mediaeval Views on Cosmic Dimen- 
sions and Ptolemy’s ‘Kitdb al-Manshurdt’, Oriens- 
Occidens, pp. 319-348. See also Nasr, Science and 
Civilization in Islam, pp. 182-183. The outer limit of the 
visible cosmos is given by al-Parghani as 80.2 million 
English miles. 

39 . In his Hypotheses of the Planets, Ptolemy speaks of the 
‘reality’ of the heavens, but this is an exception. The 
main thrust of his other and better known writings as 
well as those of other Greek mathematical astronomers 
was to consider the complicated astronomical models 


was of course opposed to this view but then he did 
not devise any mathematical models. Already 
during the Islamic period Thabit ibn Qurrah be- 
lieved in the ‘solidity’ of the heavens, while in his 
very important Resume of Astronomy, which sur- 
vives today only in Latin and Hebrew transla- 
tions, Ibn al-Haytham gave actual ‘physical’ 
models for the heavens.'‘" He was followed in this 
by Tusi and other eminent astronomers in the 
East as well as by Western scientists to the extent 
that in the late Middle Ages and the Renaissance 
everyone quite naturally thought that the goal of 
science was to discover some aspect of reality. 
Even when Galileo and Newton were overthrow- 
ing Ptolemaic astronomy and Aristotelian physics 
they did not think for one moment that they were 
merely ‘saving phenomena’. They believed firmly 
that they were discovering aspects of physical 
reality. Their science still had an ontological 
aspect. It is necessary to study the debates of 
modern philosophers of science such as Emile 
Meyerson and Henri Poincarĕ on the very nature 
of science to realize how profound was the actual 
transformation brought about by Muslim astron- 
omers, and especially Ibn al-Haytham, a trans- 
formation which changed the role of the mathe- 
matically orientated sciences from ‘saving the 
phenomena’ to discovering an aspect of reality. 

As far as Islamic civilization itself is 
concerned the achievement of Islamic astronomy 
was to provide at one extreme for the practical 
needs of the community by devising calendars, 
almanacs, treatises to find the direction of the 
qiblah and the like, and at the other extreme a 
mathematical astronomy of remarkable accuracy. 
It provided a science which inAuenced the West 


no more than mathematical models which helped to 
compute the motion of the planets and which did not in 
themselves have any ‘reality’. 

40. SeeP. 'D\ihzm,Lesystemedumonde,\o\. ii,Paris, 1914, 
pp. ii9ff., where this treatise in its Latin version is 
analyied; also Nasr, Science and Civilization in Istam, 
pp. 175-178. As these words were being written one of 
the scientihc journals in the Soviet Union reported the 
discovery of a treatise by Ibn al-Haytham in Arabic on 
the nature of the heavens. Perhaps after several 
centuries the original of this important work has been 
discovered. 
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profoundlyj which transformed astronomy in 
India^ and even added a new chapter to Chinese 
astronomy. But more than all this it provided a 
science vast enough to embrace the mathematical 
genius of a Nasir al-Din al-Tusi and the poetic 
vision of a Sana’i or an ‘Attar, a science able to 
depict a cosmos in which eclipses and motions of 
planets were calculated with all the accuracy 
needed by a normal human civilization and in 


41. Long before Jai Singh Islamic astronomy had entered 
into India and had many folIowers especially during the 
Mogul period when important works such as the 
Zij-i shdhjahdn by Parid al-Din al-Dihlawi were 
composed. 


which at the same time the sacred horse al-Burdq 
could raise the Holy Prophet in his ascension or 
al-mi‘rdj to the Divine Throne {al-‘arsh), a cosmos 
where every contemplative following the example 
of the Holy Prophet could ascend through the 
power of the Spirit to the heavens and participate 
in that Divine force which Dante describes as the 
love that moves the heavens and the stars, UAmor 
che muove il sole e Valtre stelle. 


42. On the inAuence of Islamic astronomy and other 
sciences in China, an inAuence which took place mostly 
during the Mongol period, see J. Needham, Science and 
Civilization in China, Vol. i, Cambridge, 1954, 
pp. i5off. 
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ChapterYII 

Physics 


The word physics as understood today is of 
course of relatively recent usage. Sir Isaac Newton 
still referred to himself as a natural philosopher 
and in this sense shared a world view common with 
the Muslim scientists. In the Islamic sciences also 
there was no separate discipline corresponding to 
physics in its modern sense. There was natural 
philosophy (tabt‘iyydt) which included the life 
and the earth sciences as well as physics; and 
there were certain sciences such as optics which 
although understood today as branches of physics, 
were classihed by Muslims among the mathe- 
matical sciences. It is, therefore, mostly for the 
sake of the modem reader that such disciplines as 
optics and the study of machines and automata are 
discussed in this section rather than elsewhere, so 
that the reader may gain some inkling of the man- 
ner in which Islamic science dealt with what are 
now called the physical sciences and the range of 
subjects in this domain with which Muslim 
scientists were primarily concerned. 


1. See Nasr, The Encounter of Man and Nature, chap. III. 

2, Scholars cannot agree why such a name has been given 
to this section of natural philosophy. One explanation is 
that it concerns what the student ‘hears’ before every- 


The General Principles of Physics 

As far as the principles or philosophy of 
physics and also the philosophy of nature are 
concerned, numerous Muslim scientists and 
philosophers dealt extensively with the subject 
and in fact produced a treasury of thought con- 
taining the profoundest philosophy and also 
theology of nature which is of great pertinence 
even - and indeed especially - today.’ The 
principles of natural philosophy were usually 
discussed, following Ibn Sina, under the heading 
of fann al-samd’' al-tabi‘i (literally ‘section deal- 
ing with what is “heard” concerning natural 
philosophy’)^ and the most extensive discussion 
of the subject in Islam is in fact given by Ibn Sina 
in his Shifd’.^ Nearly every major Muslim phil- 
osopher, whether specihcally interested in physics 
or not, from al-Kindi to Mulla Sadra and 
Sabziwari devoted a section of his writings to it, 
since in traditional doctrines physics is an applica- 
tion of metaphysics and the principles of physics 


thing else when studying natural philosophy, hence the 
termsawd‘. 

3. We have analyzed this work extensively in our An 
Introduction to Islamic Cosmologicat Doctrines, chap. 13, 
‘Principles of Natural Philosophy’. 
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are to be found solely in metaphysics and no- 
where else. Moreover, scientists, theologians and 
even gnostics were interested in the principles of 
natural philosophy, in such questions as the 
nature of time, space, matter and motion. As a 
result several different schools of thought de- 
veloped concerning the principles of physics and 
natural philosophy itself, schools which ranged 
from those interested in experimenting with 
natural forces to those which sought to provide a 
purely symbolical science of the natural world 
and to aid man in the contemplation of nature as 
the theophany of the Divine Names and Qualities, 
of realities which stand above and beyond nature.'* 

The most widespread Muslim school of 
thought dealing with the principles of natural 
philosophy is without doubt the Peripatetic, 
which in this as in other domains saw Aristotle 
mostly through the eyes of his Alexandrian com- 
mentators and in fact followed Aristotle more 
closely in this field than in other branches of 
philosophy. The doctrine of hylomorphism, the 
dehnition of space as the inner surface of the body 
which is tangential to the outer surface of the body 
in question, and the consideration of time as the 
measure of motion were taken over from Aristotle 
and given their most extensive treatment by Ibn 
Sina in his Shifd’ and Nasir al-Din al-Tusi in 
his Sharh al-ishdrdt wal-tanbihdt {Commentary 
upon the Book of Directives and Remarks) (of Ibn 
Sina). It was only in the question of motion, and 
even there in the special problem of projectile 
motion, that, as we shall shortly observe, even the 
Muslim Peripatetics criticized Aristotle and 
developed ideas which had major consequences 
for the later history of physics. 

A second group of Muslim thinkers who 


4. On the various perspectives concerning nature in Islam 
see S. H. Nasr, ‘The Meaning of Nature in Yarious 
Intellectual Perspectives in Islam’, Islamic Quarterly, 
vol. 9,1965,^^.25-29. 

5. See S. Pines ‘Quelques tendences antipĕripateticiennes 
de la pensĕe scientifique islamique’, Thalĕs, vol. 3-4, 
1937-19391 PP- 210-220; S. Pines, ‘What was New in 
Islamic Science?’ in A. Crombie, (ed.) Scientipc 
Change, London, 1963, pp. 181-205. See also H. A. 
Wolfson, Crescas’ Critique of Aristotle: Problems of 
Aristotle’s Physics in Jemish and Arabic Philosophy, 
Cambridge (U.S.A.), 1929, especially chap. III, where 
anti-Aristotelian ideas in physics among Islamic as 
well as Jewish philosophers are discussed thoroughly. 


produced ideas of great importance in this field 
were the anti-Peripatetic philosophers and scien- 
tists such as Muhammad ibn Zakariyya’ al-Razi 
(the Latin Rhazes), al-Biruni and Abu’l-Barakat 
al-Baghdadi." Each of these men followed an 
independent line of thought but shared this one 
feature with the others in the group: he was 
critical of the prevalent Peripatetic natural 
philosophy. Al-Razi developed an independent 
cosmology based upon ‘the five eternals’ {al- 
gudamd’ al-khamsah) which included time and 
space and drew mainly from Manichaean sources 
as well as from Plato’s Timaeus. He also developed 
a special form of atomism which some have con- 
sidered to have originated in India.*’ 

As for al-Biruni, he provided what is per- 
haps the most devastating criticism of Aristotelian 
physics of the mediaeval period in the questions 
and answers he exchanged with Ibn Sina on 
problems of natural philosophy.' Al-Biruni criti- 
cized many of the fundamental premisses of 
Aristotelian physics such as hylomorphism, the 
natural place of objects in the sub-lunary region, 
the denial of the vacuum, etc., appealing to both 
reason and observation of the natural phenomena 
and even to experiment. These questions and 
answers which contain in fact two sets of questions 
by al-Biruni and two sets of answers, the first by 
Ibn Sina and the second by his student al- 
Ma‘sumi, are one of the highlights of this aspect 
of Islamic thought and reveal the profundity with 
which the basic concepts of the physics of the day 
were discussed and analyzed. 

Al-Baghdadi, the Jewish philosopher who 
towards the end of his life embraced Islam, was a 
powerful, original thinker in the domain of natural 
philosophy. His Kitdb al-mu'tabar {The Book of 


6. See S. Pines, Beitrdge zur islamischen Atomenlehre, 
Berlin, 1936 (translated into Arabic with extensive new 
notes by Muhammad Abu Ridah, as Madhhab al- 
dharrah ‘ind al-muslimin, Cairo, 1946). This classical 
work also contains, in addition to an analysis of the 
atomism of Razi, sections on the views of Iranshahri, 
Nasir-i Khusraw and other less-studied Islamic phi- 
losophers. 

7. The Arabic text of this important exchange was edited 
critically for the hrst time by S. H. Nasr and M. 
Mohaghegh as, aTAs’ilah wa’Tajwibah, Tehran, 1973. 
Many of these questions have been translated and 
analyzed in Nasr, An Introduction to Islamic Cosmo- 
logical Doctrines,pp. i67ff. 



Physics 


What has been Established by Personal Rejiection) 
contains many ideas of interest in physics.* 
He not only continued the criticism against the 
Aristotelian theory of projectile motion, but also 
studied the question of acceleration of falling 
bodies and dealt with time in a new manner, con- 
sidering it as being related to the very process of 
becoming rather than to translational motion 
alone. His speculations on accelerated motion are 
also amazing for he was perhaps the first person to 
have rejected the Aristotelian theory that a 
constant force causes uniform motion with a 
velocity proportional to the force. 

A third and major school of thought 
directly concerned with the principles of natural 
philosophy is, strangely enough, that of the theo- 
logians {mutakallimun). The theologians, Sunni 
and Shi‘ite alike, were not especially interested in 
problems of physics, but each group was drawn 
into this subject through the implications of its 
theological studies. The Shitite schools, both 
Isma‘ili and Twelve-Imam, developed ‘philoso- 
phies of nature’ similar to those found in the 
philosophical and theosophical schools associated 
with them. But Sunni theology, both Mu‘tazilite 
and Ash‘arite, developed a distinct atomism 
which left an indelible mark upon their discussion 
of the principles of natural philosophy.® 

Some of the theologians such as the 
Mu‘tazilite al-Nazzam and the Ash‘arite al- 
BaqillM were more directly interested in ques- 
tions of physics and others less so. But altogether, 
the writings of these theological schools contain 
numerous pages devoted to a ‘philosophy of 
nature’ based upon the atomistic point of view. 
In order to ‘safeguard’ the Divine Omnipotence 
these theologians segmented reality in such a way 

8. S. Pines has devoted numerous studies to him. See 
especially his ‘Ĕtudes sur Awhad al-Zaman Abu’l- 
Barakat al-Baghdadi’, La Revue des Ĕtudes Juives, vol. 3, 
1938, pp. 3-64, and vol. 4, 1938, pp. 1-33; and also his 
Nouvelles etudes sur Awhad al-Zamdn Abu’l-Barakdt al- 
Baghdddi, Paris 1955; also Pines, ‘Un prĕcurseur Bag- 
dadien de la thĕorie de 1’impetus’, Isis, vol. 44, 1953, 
pp. 247-251. 

9. Numerous works have been devoted since the i^th 
century by Westem orientalists to the problem of 
Kaldm, in which many of thcm in fact sought errone- 
ously the equivalent of Christian theology. See for 
example, L. Gardet and M. M. Anawati: Introduction d 
ta theologie musulmane, Paris, 1948; M. Horten, Die 
Religidse Gedankwelt des Volkes in Heutigen Islam, 
2 vols., Halle, 1917-1918; M. Pakhry, Islamic Occas- 


that the only remaining nexus between things was 
the ‘verticar or Divine Cause, the horizontal 
cause being totally obliterated.^® They first of all 
believed that bodies are composed not of the form 
and matter of the Peripatetics, but of atoms (in 
Arabic juz' Id yatajazzd') which are, however, 
unlike the atoms of Democritus, dimensionless. 
They also believed that time consists of separate 
moments and space of discontinuous points. As 
for projectile motion, they propounded a curious 
theory called i^timdd or ‘support’, according to 
which the motion of one object by nature en- 
genders the motion of another after it.” Alto- 
gether, they conceived of a totally atomized world 
in which only the Divine Will reigns, and where 
the relation between various objects and events 
which appear to man to be of a causal nature is 
seen in fact to be the result of what has been called 
occasionalism. Fire does not burn because it is in 
its nature to do so, but because God has willed it. 
It is only the habit of man’s mind to see the 
burning as an effect of fire. Hence miracles are 
called events which literally. ‘break the habit’ 
{khdrig al-‘ddah) of the mind in its perception of 
external reality. 

The Muslim philosophers and theosophers 
of nearly all schools rose against this view and de- 
fended causality as did most of the Shi‘ite theo- 
logians. A severe debate took place, the best 
known chapter of which is that between al- 
Ghazzali and Ibn Rushd. The debate involved the 
whole of philosophy and theology but interest- 
ingly enough a central theme that ran throughout 
concerned physics and especially the nature of 
causality.^^ 

The theologians conceived of atomism in 
order to assert the Divine Will in the very matrix 

sionalism and its Critigue by Averroes and Aquinas, 
London 1958; and the numerous studies of H. A. Wolf- 
son, especially his Crescas’ Critigue of Aristotle and The 
Philosophy of the Kalam, Cambridge (U.S. A.), 1974. 

10. On the question of causality among Ash‘arites, see J. 
Obermann, ‘Das Problem der Kausalitat bei den 
Arabern’, in Festschrift Joseph R. von Karabacek, 
Yienna, 1916, pp. 15-42, as well as the already cited 
works ofWolfson. 

11. See S. Pines, ‘Ĕtudes sur Awhad al-Zaman...’ 

12. The arguments of al-Ghazzali’s Tajdhut aTfaldsifah 
and Ibn Rushd’s Tahdfut aTtahdfut are summarized in 
Nasr, Science and Civilization in Islam, pp. 307-321. 
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of the world which surrounds man and in con- 
ibrmity with a certain ‘atomism’ associated with 
the Semitic mentality. Today a great deal of 
interest is being shown in their ideas because of 
quite diiTerent reasons. David Hume ofFered 
nearly the same arguments and in fact gave some 
of the same examples as the Muslim theologians 
in his attack upon the notion of causality and 
began a phase in European thought which, com- 
bined with the developments within physics 
since the beginning of this century, is mostly 
responsible for the current interest in Ash‘arite 
natural philosophy. But it must be remembered 
that the Muslim theologians sought to assert the 
primacy of the Divine Will while Hume and the 
empiricists wanted to destroy the very power of 
human reason to perceive causality and refused to 
have recourse to any higher principle. The re- 
sults of the two schools stand therefore at the very 
opposite poles of the intellectual spectrum and 
should never be confused with each other. 
Empiricism is closely wedded to modern science 
while in Islam most of the outstanding scientists 
were philosophers or Suhs and not theologians. 
The theologians who negated causality only 
contributed to the held of science by. providing 
criticism which forced the Muslim philosophers 
and scientists to develop their own teaching» to 
provide answers for them. They thus played a 
role of some importance in the Islamic sciences, 
and especially physics, without, however, pro- 
viding the background for the development of the 
sciences in any way comparable to the role of 
empiricism vis d vis modern science in the West. 

Yet another school which developed a 
distinct physics of its own is that of the Illumina- 
tionists (ishrdgis). Suhrawardi, the founder of the 
school, gave the basis for a ‘physics of light’ in his 
Hikmat al-ishrdq (Theosophy of the Orient of 
Light) followed by his commentators, such as 

13. Concerning the doctrines of Suhrawardi, see H. 
Corbin’s two prolegomenas to his edition of Suhra- 
wardi, Opera Metaphysica et Mystica, vols. I and II, 
Istanbul, 1945 and Tehran-Paris, 1952; his En Islam 
iranien, Vol. II, Paris 1971; S. H. Nasr, Three Muslim 
Sages, chapter H; and Nasr, ‘Suhrawardi’, in M. M. 
Sharif (ed.), A History of Muslim Philosophy, Vol. I, 
pp. 372-388. 

14. The original text edited by S. H. Nasr as Opera Meta- 
physica et Mystica, vol. IH, Tehran-Paris, 1970. A 
Prench translation of the whole series by H. Corbin 
and an English translation by L. Bakhtiyar are to be 
published soon. 


Muhammad'al-Shahrazuri and Qutb al-Din al- 
Shirazi, the latter one of the most outstanding of 
Muslim physicists. In this school, the Aristotelian 
theory of hylomorphism is rejected in favour of 
one in which the very substance of the world is 
considered to be light, and ‘matter’ no more than 
‘darkness’ (ghasag) or the absence of light. 
Suhrawardi also removed the barrier between the 
sublunar world and the planets and considered 
the whole region from the fixed stars below to be 
dominated by the same forces and laws. For him 
the heavenly part or the ‘orient’ of the cosmos 
begins with the region beyond the fixed stars.^® 
But more than anything else Suhrawardi devel- 
oped a symbolic science of the cosmos including of 
course the natural world which is described with 
great beauty in his visionary recitals.^* 

Einally, mention must be made of the 
physics developed by Sadr al-Din Shirazi (Mulla 
Sadra), the outstanding Safavid theosopher, in his 
various works, especially the Asfdr al-arbafah 
{The Four Journeys) which set the foundation for 
the school of ‘transcendent theosophy’ (al-hikmat 
al-muta'dliyah). This school, which is still domi- 
nant in Persia today, draws heavily upon the 
Sufism of Ibn ‘Arabi as well as earlier schools of 
Islamic philosophy and theology. Although many 
works have been devoted to Mulla $adra during 
the past two decades, a period which has witnessed 
a veritable revival of his teachings in Persia and a 
growing interest in him in the West, still not 
enough research has been carried out on his 
specihcally cosmological and physical doctrines 
and theories.*'’ Here, suffice it to say that Mulla 
5adra developed the idea of trans-substantial 
motion {al-harakat al-jawhariyyah) which in 
contrast to Aristotelian physics made motion a 
property of the substance of physical objects and 
not only of their accidents. Hence, the whole ques- 
tion of motion and time as well as mechanics and 

15. On Mulla Sadra see (lorbin, Hn Islam iranien, vol. IV, 
pp. 54-122; S. H. Nasr, ‘Sadr al-Din Shirazi’ in 
Sharif (ed.), A History oj Muslim Philosophy, Vol. II, 
pp. 932-961, and the numerous works of Sayyid Jalal 
al-Din Ashtiyani on him in Persian. Also one work of 
some value in Persian has been devotcd to his natural 
philosophy by A. Mishkat al-dini, Ta’ihir wa mabddi-yi 
dnyd kulliydi-i falsafa-yi tabPi-yi Sadr al-Din Shirdzi, 
Mashhad, 1347 (A.H. solar), Tehran, 1349 (A.H. solar), 
but without serious consideration of the development of 
physics in either East or West. Two extensive works on 
Mulla Sadra in English are now being completed by 
F. Rahman and S. H. Nasr. 
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dynamics was seen in a new perspective. He even 
spoke of the three dimensions of space and time as 
the four dimensions determining physical exis- 
tence. He also divorced the arguments of tradi- 
tional metaphysics from their reliance upon 
Ptolemaic astronomy and in this way safeguarded 
this perennial wisdom from the types of attack 
made upon it in the West by those who had re- 
jected the Ptolemaic cosmos for astronomical 
reasons and did not have the perspicacity to 
understand its symbolic signihcance beyond 
purely astronomical considerations. The ‘natural 
philosophy’ developed by Mulla Sadra is one of 
the last monuments of Islamic thought in this 
domain, and of great import in the present-day 
impasse which modem science faces precisely 
because of the lack of a natural philosophy which 
would do justice to the reality 'and fullness of the 
natural world. 


Mechanics and Dynamics 

From the point of view of the later de- 
velopment of physics the contribution of Muslims 
to the whole question of force and motion is of 
great importance and has come to occupy a 
central position in the concerns of Westerh 
historians of science. Ever since the pioneering 
works of P. Duhem and E. Mach, followed by the 
research of such scholars as A. Meier, E. J. 
Dijksterhuis, J. Murdoch and others, have made 
known the importance of late Scholastic works in 
the criticism of Aristotelian physics and in pro- 
viding the roots for many of the ideas of Galileo 
and Newton, an even greater degree of interest 
has been shown in the works of Islamic authors 
who in tum inAuenced the late Scholastics. 

The Muslim philosophers and scientists 
developed several concepts of major importance 
concerning the problem of motion. Pollowing the 
criticism by the Christian philosopher John 
Philoponos of Aristotle’s theory of motion, Ibn 
Sina developed the concept of mayl (literally 
inclination, the Latin inclinatio) to explain projec- 
tile motion, this weakest link in Aristotelian 
physics. John Philoponos had asserted that the 

i6. See Jalal Shawqi, Turdth al-^arab fi’l-mikdnikd, Cairo, 
1973 ) P- 51 - Ibn al-Haytham also made other important 
contributions to physics. He studied the laws of motion, 
knew the principle of inertia, and conceived of the void 
and space in a manner reminiscent of the lyth century 
physicists who developed classical mechanics and 
dynamics. The work of Shawqi summarizes most of 


force which causes projectile motion imparts to 
the moving body a motive force which the Latins 
called impetus, a force which is gradually spent 
when a body moves in a void so that the move- 
ment comes to an end, contrary to Aristotle’s 
assertion that there would be no way to stop pro- 
jectile motion in a void. Ibn Sina developed this 
idea for projectile motion encountering resistance 
such as air and is responsible for the inclinatio 
theory which was further elaborated by Abu’l- 
Barakat al-Baghdadi and which also became 
known to the Scholastics. In his Pisan Dialogue 
Galileo makes use of the impetus theory which 
goes back originally to John Philoponos and which 
owes its development to several Muslim hgures, 
especially those already mentioned. 

A second important concept which was 
developed by the Muslims is that of momentum, 
described by Ibn al-Haytham in his Kitdb al- 
mand^ir {Optical Thesaurus) and called guwwat 
al-harakah}^ Considering the signihcance of this 
concept and its persistence throughout all the 
cycles of the history of pHysics even to the 
modern period, the contribution of Ibn al- 
Haytham and other Muslim physicists who 
developed this concept becomes clear. 

Yet another Muslim contribution of note 
is what has become known in the West as ‘Avem- 
pacean dynamics’ since it is associated with the 
name of the Andalusian philosopher Ibn Bajjah 
(the Latin Avempace). Again in his Pisan Dia- 
logue, in criticizing the Aristotelian theory accord- 
ing to which if V = velocity, P = motive power and 
M = the resisting medium, then V=P/M, Galileo 
asserts that V — P M so that in a vacuum where 
M=o the velocity does not become inhnite.i^ 
Actually Galileo was basing himself upon Ibn 
Bajjah who became known to the West through 
Ibn Rushd’s quotation of his views while the 
latter was commenting upon Book IV of the 
Physics of Aristotle. 

The Muslims also made extensive studies 
of gravity and such men as Ibn Sina, Ibn al- 
Haytham, Abu’l-Barakat, Eakhr al-Din al-Razi 
and Ibn Bajjah presented ideas of great interest 
on the subject. The Muslims knew that the 

these discussions in the writings of Ibn al-Haytham, 
Ibn Sina and other Muslim scientists. See also Nasr, 
Science and Civilization in Islam, pp. 313-316. 

17. See E. A. Moody, ‘Galileo and Avempace’, of 

the History of Ideas, vol. XII, no. 2, 1951, pp. 163-193; 
no.3. i95i)PP- 375-422. 
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acceleration of a body falling under the force of 
gravity did not depend upon its mass and also 
qualitatively that the power of attraction between 
two bodies increased as their distance decreased 
and as their mass increasedd'* Moreoyer, Ibn 
Bajjah conceived of gravitation as an inner form 
which moved bodies from within in the same 
way that the intelligences moved the heavens. 
His arguments again found their echoes in 
Galileo. 

Altogether the Muslims made important 
contributions to various branches of mechanics 
and dynamics, departing in many ways from 
Aristotelian physics and even developing such 
cardinal concepts as momentum. They, however, 
never quantified physics completely nor ignored 
the symbolic nature of the natural world. Even 
their quantitative studies moved within the orbit 
of a cosmos which remained hierarchic, with each 
level of existence symbolizing the states above. 
They were moreover able to achieve what they 
did from the point of view of the history of 
physics without bringing about the calamities 
caused directly or indirectly by Galileo and his 
followers because the science developed by these 
Muslim hgures always remained bound within the 
hierarchy of knowledge. The greatest of Muslim 
physicists like al-Biruni, Ibn al-Haytham and 
Qutb al-Din al-Shirazi accepted willingly this 
hierarchy and never attempted to make a quanti- 
tative science of the Universe central or relegate 
to the periphery the qualitative science of things 
which is the most essential precisely because at 
its highest level it alone can deal with the essences 
o^things.'** 


Optics 

One of the fields of physics to which 
Muslims made important contributions is optics, 
and that mostly thanks to Ibn al-Haytham who in 
the 4th/ioth century established this science 
upon new foundations and made of it an organized 
discipline, hence gaining the title of Tather of 

18. See Shawqi, op. cit., pp. 75ff. 

19. Onthisquestion, seeNasr, op. cit.,pp. 144-145. 

20. Many studies exist on Ibn al-Haytham and his optics in 
European languages. See M. Schramm, Ibn al-Haitam, 
Zur Wegder Physik, Wiesbaden, 1963; also A. I. Sabra, 
‘Explanation of Optical ReAection and Rehaction: 
Ibn al-Haytham, Descartes, Newton’, in International 


optics’. Before Ibn al-Haytham, several Muslim 
scientists had been concerned with optics, but 
following mostly the Greek sources such as 
Aristotle, Euclid, Heron, Archimedes, Ptolemy 
and Theon with which they were well acquainted. 
Already al-Kindi had written a work on optics 
based upon Euclid which in its Latin translation 
as De Aspectus first introduced Euclid’s Optics to 
the West. Al-Kindi also wrote a treatise explaining 
the reason for the blueness of the sky. 

Others after al-Kindi such as al-Nayrizi 
who studied atmospheric phenomena and Ibn 
Sina and al-Biruni who discussed the Aniteness of 
the speed of light contributed to optics while such 
physicians as Hunayn ibn Ishaq and al-Razi 
studied the anatomy and physiology of the eye. 
But it was Ibn al-Haytham who brought about a 
major transformation in the whole of this science 
and who made so many discoveries that he has 
been called the most important student of optics 
between Euclid and Kepler. Some have also con- 
sidered him the greatest of the Muslim physicists, 
taking the latter term in its modern sense. Ibn al- 
Haytham wrote numerous works on optics and 
related subjects such as atmospheric phenomena, 
some of these, like the treatise on twilight, having 
also been translated into Latin.^" But his major 
opus on the subject, which is also the most 
important mediaeval work on optics, is the Kitdb 
al-mandzir (Optical Thesaurus), first published in 
Basle in 1572. Not only did this work inAuence 
earlier authors such as Witelo, Roger Bacon and 
Peckham, but its effect is even to be seen in the 
optical works of Kepler and Newton. His Latin 
name, Alhazen, was as familiar to students of 
optics in the West as that of Euclid. 

The Kitdb aTmandzir, in which Ibn al- 
Haytham reveals his competence in medicine as 
well as physics, begins by studying the anatomy 
and physiology of the eye. He traces the func- 
tioning of the eye from the optic nerve originating 
in the brain to the eye itself, whose various parts, 
such as the conjunctive, iris, cornea and lens, he 
describes in a masterly fashion, pointing out the 

Congress on the History of Science, Ithaca, vol. 26, 1962, 
PP- 551-554; H. J. J. Winter and W. ‘Arafat, ‘A Dis- 
course on the Concave Spherical Mirror by Ibn al- 
Haitham’, Journal of the Royal Asiatic Society of 
Bengal, vol. XVI, no. i, 1950, pp. 1-16; Hakim 
Muhammad Said (ed.), Ibn al-Haitham, Karachi, 1970; 
and the still-valuable Arabic work of Mustala Nazif 
Bey, al-Hasan ibn al-Haytham wa buhuthuh, 2 vols., 
Cairo, 1942-1943. 
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Pigures 6$a and 65 b. The anatomy of the eye according to 1 bn al-Haytham. 


A 



Pigure 66. Alha2en’s problem. 


role of each in vision. He also shows the inter- 
relation between the various parts of the eye and 
how the eye acts as a unitary organ and dioptric 
system during the process of vision. Ibn al- 
Haytham, like Ibn Sina and several other Muslim 
scientists, did not hold that rays issue from the 
eye but believed that during the process of vision 
rays of light reach the eye from the object which is 
seen. 

Ibn al-Haytham made contributions to 
catoptrics and dioptrics as well as to the study of 
atmospheric phenomena. As far as catoptrics is 
concerned, during the period from Euclid to 
Theon numerous mathematicians and physicists 
had made notable contributions to the subject. 
Ibn al-Haytham continued their studies but 
concentrated his elTorts especially in the study of 
parabolical and spherical mirrors, including their 
aberration. The problem which in fact has come 
to be known by his name to this day - Alhazen’s 
problem - concerns a spherical mirror: given a 
spherical mirror with an objeci and its image 
rehected in the mirror, find thepoint of reAection. 
The solution of this problem leads to a fourth 
degree equation which Ibn al-Haytham solved 
by geometric means. The same problem was 
solved several centuries later by Kuygens alge- 
braically. In the field of catoptrics Ibn al-Hay- 
tham was the first to demonstrate the second law 
of reAection, namely that the incident ray, the 
normal and the reAected rays are in the same 
plane. 

As far as the study of refraction is con- 
cerned, Ibn al-Haytham made many more origi- 
nal contributions. Perhaps the most important of 
these is that a ray of light takes the easier and 
quicker path, a thesis which enunciates the 
principle of ‘least time’ associated with the name 
of Permat. Ibn al-Haytham also applied the 
rectangle of velocities at the surface of refraction 
long before Newton and only failed to discover 
SnelPs Law because he was used to calculating by 
means of chords rather than sine functions. Ibn 
al-Haytham also made numerous experiments 
with glass cylinders immersed in water to study 
refraction and also sought to determine the 
magnifying power of lenses. 
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As far as atmospheric phenomena are 
concerned, as mentioned in the chapter on 
astronomy, Ibn al-Haytham’s studies were of 
major importance for both astronomical observa- 
tions and meteorology. He determined the thick- 
ness of the atmosphere, the effect of the atmos- 
phere upon observation of celestial phenomena, 
the beginning and end of twilight (it begins and 
ends when the sun is 19“ below the horizon), the 
reason why the sun and the moon are larger on the 
horizon than in the middle of the sky and many 
other optical eiTects of the atmosphere and related 
phenomena. His contributions to this domain are 
of no less interest than those in pure optics. 

Ibn al-Haytham was at once philosopher, 
mathematician and experimentalist. He devised a 
lathe with the help of which he made lenses for his 
experiments. He studied the camera obscura 
mathematically for the first time and made an 
experiment which also for the first time made 
possible the experimental demonstration that 
light travels in a straight line. He was able to plan 
experiments carefully and at the same time 
analyze problems mathematically. That is why he 
is considered such an outstanding physicist by 
contemporary historians of science. Yet, even 
Ibn al-Haytham moved within the matrix of the 
Islamic intellectual universe. He was also a 
philosopher of note, a man who, while performing 
experiments on light, never forgot that ‘God is the 
light of the heavens and the earth.’ 

Strangely enough, during the period im- 
mediately following Ibn al-Haytham, no work 
comparable to his in stature appeared in the realm 
of optics. Even the great Nasir al-Din al-Tusi in 
his commentary upon Euclid’s Optics ignored all 
that Ibn al-Haytham had done. But probably 
because of the spread, at that time, in Persia, of the 
school of Illumination (ishrdg), which is based 
upon light, a renewal of interest in optics is to be 
observed in the yth-i^th century leading to 
major new discoveries. Qutb al-Din al-Shirazi, 


21. See E. S. Kennedy, ‘The Exact Sciences’, in The 
Cambridge History of Iran, vol. 5, p. 6765 and the 
several studies of Wiedemann in the Aufsatze . . ., 
especially ‘Uber die Brechung des Lichtes in Kugeln 
nach Ibn al-Haitam und Kamal al Din al Fmsi, Auf- 
satze ..., vol. I, pp. 597-640. It is of interest to note also 
the original work done on the physics of the rainbow by 


Nasir al-DiA’s associate at Maraghah, discussed 
Ibn al-Haytham’s views in his treatment of 
optics in his Nihdyat al-idrdk. Moreover, Qutb 
al-Din himself made a special study of the rain- 
bow and was the first to give a qualitatively correct 
explanation of it. 

In Antiquity, Aristotle and Seneca had 
tried to explain the rainbow, but unsuccessfully. 
Qutb al-Din, aware of this as well as earlier 
Muslim scientists’ elTorts, applied the optics of 
Ibn al-Haytham to explain the cause of the rain- 
bow as a combination of reAection and refraction 
through drops of water. His own student, Kamal 
al-Din al-Farsi, who wrote the most important 
commentary upon Ibn al-Haytham entitled 
Tanqih aTmandzir {The Revision of the Optics), 
followed Qutb al-Din’s ideas and made an 
experiment based upon them. He suspended a 
spherical glass in a dark room and studied the 
effect of rays of light cast upon the sphere 
through a hole. He discovered that the primary 
rainbow is caused by two refractions and one 
reAection and the secondary rainbow by two re- 
fractions and two reAections.^^ Meanwhile in the 
Occident Theodore of Ereibourg was also apply- 
ing the fruits of Ibn al-Haytham’s discoveries to 
the problem of the rainbow and making the same 
discoveries as Kamal al-Din. 


Shihab al-Din al-Qarafi in his Kitdb al-istibsdr fi md 
tudrikuhu’l-ahsdr (The Scrutinization of what the Eyes 
Percewe). See A. Sayili, ‘Al-Qarafi and his Explanation 
of the Rainbow’, Isis, vol. 32, 1940, pp. 16-26. For the 
history of the discovery of the cause of the rainbow, see 
C. B. Boyer, The Rainbow from Myth to Mathematics, 
New York, 1959. 
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The Balance and the Measurement 
of Specihc Densities 

As a major civili2ation concerned with 
trade and daily transactions in all their different 
facetSj the Muslims naturally devoted a great deal 
of attention to the question of weights and 
measures {al-awzdn wa’l-maqddir), to which in 
fact a special branch of the Sacred Law {Sharfah) 
is devoted. In the traditional Muslim city, a 
person is chosen with the specihc duty of control- 
ling the correct use of various units in commercial 
transactions, the title given to such a person being 
in Arabic muhtasiby literally ‘he who reckons’. 
Numerous means for measuring different com- 
modities were invented or adopted from earlier 
civilizations, some of them surviving to this day in 
certain parts of the Islamic world.^^ But this whole 
question is perhaps of greater concern to the 
student of economic and commercial aspects of 
Islamic civilization than to the sciences as such, 
although the determination of various units of 
measurement is of course also basic to any study 
of the sciences making use of these measurements. 

There is one aspect of this question, how- 
ever, to which Muslims devoted a great deal of 
attention beyond everyday commercial needs, 
and that is the development of the balance (a/- 
mizdn) as a scientihc instrument to measure the 
specihc weight of various metals, minerals and 
alloys. The writings of Archimedes, as already 
mentioned, were well known to Muslims and 
therefore they were fully aware of the Archimedes 
principle. From the time of al-Ma’mun, the 
balance was developed to make use of this prin- 
ciple to measure specihc weights. Al-Biruni is 
noted for his careful measurements of the specihc 
weights of several metals and minerals in his Kitdb 


22. The whole question of weights and measures in Islam 
has been treated by numerous authors. As far as the 
history of Islamic science is concemed, those of Wiede- 
mann in the Aufsdtze .. . are of particular importance. 
See also W. Hinz, Islamische Masse und Gewichte 
umgechnetinsmetrische Syrrew, Leiden, 1970. 

23. See Wiedemann, ‘Uber die Waage des Wechselns von 
al Chazini und iiber die Lehre von den Proportionen 
nach al Biruni’, Aufsdtze . . ., vol. II, pp. 215-229; 
Wiedemann, ‘tlber die Kenntnisse der Muslime auf 
dem Gebiet der Mechanik und Hydrostatik’, Archivfur 
Geschichte der Naturzuissenschaften, 1910, vol. II, pp. 
394-398; and several other studies on the subject in the 


al-jawdhir.^^ Khayyam wrote a treatise on the 
subject as did Abu Hatim al-Isfa2ari. But the 
most famous treatise on the subject is the Kitdb 
mizdn al-hikmah {The Book of the Balance of 
Wisdom) of ‘Abd al-Rahman al-Kha2ini, a book 
whose very title evokes the idea of the cosmic 
balance of Jabir ibn Hayyan. Al-Kha2ini made 
use of the works of Archimedes as well as his 
Muslim predecessors such as al-Nayri2i and 
especially al-Biruni to develop the balance as a 
rehned instrument for the measurement of 
specihc weights.^^ He was even aware of the role of 
heat in affecting the density of objects. 

The famous eureka story of Archimedes is 
mentioned by al-Kha2ini and, basing himself on 
the Archimedes principle, he developed a formula 
for determining the respective weights of gold and 
silver in an alloy made of the two metals. If 
the weight of the silver in the alloy; A=the 
absolute weight of the alloy; S = the specihc 
gravity of the alloy; di=the specihc gravity of 
gold; and dj^the specihc grayity of the silver, 
then:^® 

I I 


di d^ 

The treatise of al-Khazini shows that the Muslim 
physicists could make careful measurements of 
the specihc weight as well as the absolute weight 
of any body composed of either one or two simple 
substances. Little further rehnement was made 
upon al-Khazini’s treatise in later centuries, but 
fine balances both accurate and of artistic beauty 
have continued to be made almost to the present 
day throughout the Islamic world. 


Aufsdtze.... For a comparison of the values attained by 
al-Biruni and al-Khazini with modem ones see Nasr, 
Science and Civilization in Islam, p. 140. 

24. This important treatise on statics and especially hydro- 
statics was made known to the West in the i^th century 
through the translation of N. KhanikolT, ‘The Book of 
the Balance of Wisdom’, Journal of the Amencan 
Oriental Society, 1860, pp. 1-128. See also E. Wiede- 
mann, ‘al-Mizdn’ in the old Encyclopaedia of Islam. 

25. See Nasr, Science and Civilization in Islam, pp. 143- 
144; M. Clagett, The Science of Mechanics in the Middle 
Ages, Madison (Wisconsin), 1959, p. 65. 
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Pigures 673 and 67^. Skctch of the balancc made by al-Biruni. 


Simple Machines and Mechanical Gadgets 

Many of the Muslim scientists also de- 
voted themselves to the study of the laws of 
simple machines, basing themselves on both the 
Archimedean and the pseudo-Aristotelian schools, 
the latter associated with the Mechanica}^ They 
also knew the Mechanica of Hero of Alexandria 
and the Pneumatica of Philo of Byzantium. These 
and other Greek and Alexandrian works served as 
the basis for their research in this domain. 

As far as laws of simple machines are con- 


cerned, as early as the 3rd/9th century Thabit 
ibn Qurrah wrote his famous work on the lever 
which has come to be known in the West as Liber 
Karatonis and in which he sought to derive the 
law of the lever from the principles of dynamics 
following the pseudo-Aristotelian tradition rather 
than Archimedes. In Baghdad the same interests 
were pursued by the Banu Musa and other 
mathematicians and from that period onward 
numerous works appeared dealing with the sub- 
ject. Even al-Khazini’s already cited work on the 


26. On this subject, see Wiedemann, ‘Zur Mechanik und 
Technik bie den Arabern’,.. .,vol. I, pp. 173- 


228. Wiedemann has devoted numerous other studies 
to this subject in the collection of the Aufsdtze.... 
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balance is as important for the study of centres of 
gravity of various bodies as it is for hydrostatics. 

Besides works concerned with physical 
laws of levers, wheels, etc., there also appeared a 
series of writings on various mechanical devices, 
gadgets, automata, etc., again following the 
Alexandrian school. This branch of science is 
called Hlm al-hiyal in Arabic and has always been 
related in the Muslim mind with the occult 
sciences and magic, as the word itself whose 
root means stratagem or ruse, shows. From 
the treatise of the Banu Musa on the balance 
igarastun), those attributed to Ibn Sina such as the 
Mi'ydr al 'uqul (The Standard of the Intelli- 
gences) (but written by his students), to the work 
ofthe 7th/i3th century author Ibn al-Sa‘ati who 
described the clock of Damascus, there appeared 
a series of works describing complicated ma- 
chines and gadgets which caught the imagination 
of Muslims as being concerned with the unusual 
and in fact with what lies for the most part outside 
the normal preoccupations of men. This type of 
work culminated in the well-known work of 
Badi‘ al-Zaman Isma‘il ibn Razzaz Abu’l-‘Izz 
al-Jazari Kitdbfi ma'rifat al-hiyal al-handasiyyah 
[The Book of Knoiuledge of Ingenious Mechanical 
Devices) which, because of the variety of its 
content and its beautifully illustrated manu- 
scripts found in relative profusion, has become 
the best-known work of its kind in the West.'^' 
In this work, which consists of six parts, fifty 
complicated mechanical devices such as clepsy- 
dras and fountains, some of practical use and 
others more for amusement, are described, fol- 
lowing again the tradition of the Alexandrians. 
Even after al-Jazari, interest in such problems 
continued, some scientists like Qay§ar al-Hanafi 
writing works of a more practical concern, for 
example his treatise on the water wheel others, 
like some of the Safavid and Ottoman authors, 
writing on automata and the like which were a 
source of wonder and served as pastimes for 
princes and rulers. Al-Jazari’s own treatise was 
translated from Arabic into Persian as late as the 
I3th/i9th century. 



Plate 89. A mechamcal dcvice from al-Ja7ari. 


27. See A. K. Coomaraswamy The Treatise of al-Jazari on 
Automata, Boston, 1924; and D. Hill, The Book of 
Knowledge of Ingenious Mechanical Devices, Dordrecht- 
Boston, 1974. The work has also been translated and 
analyzed in German by E. Wiedemann in the Nova 


Acta and several other journals. See Sarton, Introduc- 
tion...,vol II,part II,p.633. 

28. Al-Hanafi is also responsible for the famous celestial 
globe which is now to be found in the Naples Museum. 
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Plates 90,91,92 and 93. Various mechanical deviccs from al-Jazari. 


Plate 92 
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Plate 9} 


It is of great importance for an under- 
standing of Islamic science as well as technology 
and their difference from modern science and 
technology to study the role in Islamic civiliza- 
tion of these treatises and the complicated 
machines they describe. Of course many of these 
treatises were concerned with practical tech- 
nology, describing wind-mills, water-mills, archi- 
tectural elements, irrigation problems, distilling 
and other chemical processes, military equip- 
ment, etc. What is of basic interest to note here is 
that the technology they dealt with was one which 
utilized natural forces within the environment in 
question, making the maximum use of human 
skills and causing the minimum amount of dis- 
turbance within the natural environment. Certain 

29. Even the great Andalusian Sufi and seer Ibn ‘Arabi 
described in his Putuhdt al-makkiyyah his own vision of 
one of these Alexandrian temples. 







Plate 94. A mcchanical dcvice from a Per,<;ian encyclopaedia of thc scicnces. 


of the other treatises described complicated 
machines which are most like what modern 
technology has developed during the past two 
centuries. But it was precisely this kind of 
technology which the Muslims never took seri- 
ously as a possible way of changing their eco- 
nomic life and means of production. The fruit of 
these treatises was the making of complicated 
clocks and gadgets as if the Muslims wanted to 
show that the only safe kind of complicated 
machine is a toy. For them these machines always 
recalled the strange inventions of the Alexan- 
drians who made temple doors which opened 
when the light of the sun shone upon them and 
achieved other amazing feats that passed into 
Muslim folklore as well as science.^* 
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Figure 70. A pagc from a manuscript on mechanical devices. 
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Pigures 71 and 72. From a Maghribi work on making canons. 



Pigures 733 and 736. A device to makc a canon, from Mogul India. 



Pigure 72 








Pigure 73b 
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Islamic civilization had the means to make 
complicated machines and apply them to the 
problems of the daily life of the Islamic com- 
munity. But like the Chinese who had gunpowder 
but never made guns, the Muslims never took 
that step which would mean the creation of a 
technology out of harmony with the natural 
environment. Their works on machines dealt 
with a variety of subjects all the way from 
agricultural and transportational devices which 
were actually used in everyday life to complicated 
clocks which were the joy of caliphs and princes, 
to other complicated gadgets and devices which 
at their extreme became combined with magic 
and magical practices. They did not make 
practical use of all they knew in this domain, 
feeling instinctively the danger of the develop- 
ment of a technology which makes use of metals 
and fire, both elements alien to the natural en- 
vironment, and which therefore ultimately results 
in the loss of that equilibrium vis d vis nature 
which is so central to the Islamic perspective and 
whose destruction is such a danger for modern 
man. 

In physics itself, as seen in the above 
pages, Muslims made major contributions to 
various branches of the sciences and would need 
to be considered in any thorough history of the 
subject from the Western point of view. But the 
significance of their studies from the Islamic point 


of view becomes clear only when considered in the 
light of the total structure of Islam and its 
civilization. The Muslim physicists studied vari- 
ous phenomena with the exactness of a physicist 
in the modem sense but did not secularize the 
cosmos they were studying because they never 
lost sight of the totality in order to gain knowledge 
of the part. They knew that the higher can never 
be sacrificed for the lower except at the cost of 
intellectual and spiritual suicide, and they were 
aware that a certain amount - and only a certain 
amount - of science in the modern sense can be 
developed within the traditional cosmos provided 
this science knows its limit and does not expect to 
‘progress’ indehnitely in a domain which is by 
nature finite. 

The 9th/i5th century Persian Sufi poet 
‘Abd al-Rahman Jami seemed to have a presenti- 
ment of the present day predicament of man, 
who in his attempt to gain knowledge of the atom 
has lost sight of the spiritual empyrean. In one of 
his quatrains, he says, 

I lost my intellect, soul, religion and heart, 

In order to know an atom in perfection. 

But no one can know the essence of the atom 
completely. 

How often must I repeat that no one shall know it; 
then fareweil! 
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‘Abu Darda once said: “O Prophet of God 
(Muhammad), if I am cured of my sickness and 
am thankful for it, is it better than if I were sick 
and bore it patiently? And the Holy Prophet 
replied: Yerily, the Prophet of God loves sound 
healthjustas you do.’ 

(propheticAadir^) 

Islamic medicine and its allied subjects 
such as pharmacology, surgery and the like drew 
their spiritual sustenance from the message of 
Islam and received their nourishment from the 
rich soil of Graeco-Alexandrian, Indian and Per- 
sian medicine. The result was the creation of an 
extensive field embracing nearly every branch of 
the medical sciences, some fourteen centuries of 
history and a vast geographical area stretching 
from southern Spain to Bengal, for in this particu- 
lar field nearly all the regions of the Islamic world 
made some contributions. This fact, added to the 
nature of Islamic medicine which is at once an 
applied science, an art and in fact an aspect of the 
whole of life touching upon activities ranging from 
eating to bathing, has caused many scholars to 
separate medicine from the other sciences and to 
treat its history as a discipline distinct from 
the history of the other Islamic sciences. In fact 
to do justice to all the branches of Islamic medi- 
cine it would really be necessary to devote a 


separate study to it. If it is nevertheless treated 
here, albeit in summary fashion, as a chapter 
within a general work on Islamic science, it is 
because no picture of Islamic science itself can be 
complete even in a relative sense without a 
glimpse at least of the vast horizons of Islamic 
medicine. Otherwise, from the point of view of 
medicine itself, its summary treatment given here 
of necessity cannot but do injustice to its remark- 
able richness and variety. 

Islamand Islamic 
Medicine 

In the same way that in mathematics the 
central Islamic doctrine of unity {al-tawhid) and 
its applications accorded with the Pythagorean 
philosophy of numbers and made the integration 
of Greek mathematics into the Islamic perspective 
possible, another basic Islamic doctrine, namely 
that of harmony and balance, made the philosophy 
underlying the Hippocratic and Galenic traditions 
easily digestible by Muslims. The prineiple of the 
balance between the natures and the humours 
became easily a part of the Islamic view of nature 
because it was but a particular instance of a 


^53 



The Applied Sciences 


universal principle enunciated by Islam and 
forming one of the cardinal aspects of its view of 
the cosmos and of man’s situation within it. From 
the metaphysical and cosmological points of view, 
the principles of Islamic medicine are deeply 
rooted in the Islamic tradition, although this 
medicine itself came into being as a result of the 
integration by Muslims of several older traditions 
of medicine of which the most important was the 
Greek. 

The whole of Islamic medicine is also re- 
lated to Islam through the injunctions contained 
in the Quran and the Hadith concerning health 
and various questions related in one way or 
another to medicine. The aspects of the Divine 
Law {Shari‘ah) concerning personal hygiene, 
dietary habits, ablutions, and many other ele- 
ments afFecting the body are again related to 
medicine. Pinally, esoteric teachings concerning 
the soul in its relation to the body and the body as 
the ‘temple of the spirit’ again create a link be- 
tween medicine and various aspects of the teach- 
ings of Islam. The result is that, whatever 
historians may say of the Greek, Syriac, Indian or 
old Persian origins of this or that medical idea or 
practice, Islamic medicine has always been seen 
by Muslims as closely related to religion. Gertain 
jurists to be sure have attacked Galen or other 
medical authorities but then they have sup- 
ported ‘prophetic medicine’ in one form or 
another. Moreover, even among the jurists there 
have been those who have pointed out that of the 
‘foreign’ sciences only medicine was studied by 
even one or two of the Companions of the Holy 
Prophet, and that medical practices which would 
lead to the regaining of health of body and soul 
were encouraged from the earliest period of 
Islam. In any case, to this day within the Islamic 
world what survives of the traditional medicine in 
the way of traditional drug stores, baths and the 
like are closely associated by the mass of the 
people with the actual practice of religion and are 
even enfolded within an aura of piety. 


1. On the centrality of the role and function of the hakim, 
see our Science and Civilization in Islam, pp. 41-42. 

2. According to traditional authorities, since Muslim 
philosophers considered it below the dignity of philo- 
sophy to receive payment for teaching it, they usually 


ThePracticeof 
Islamic Medicine 

As far as the practice of medicine is 
concerned, again Islamic civilization created 
certain institutions and norms closely related to its 
own general structure in order to make the 
teaching and practice of medicine possible. 
Gradually, the figure of the physician who had 
originally been usually of Christian, Jewish or 
even Zoroastrian background or actually a mem- 
ber of these communities, became totally Mus- 
limized and there came into being the Islamic 
figure of the hakim (literally wise-man or sage) 
who was at once physician and philosopher as well 
as master of most of the other traditional sciences.^ 
Most of the early Islamic philosophers from al- 
Kindi to Ibn Sina and Ibn Rushd were in fact 
accomplished physicians, and some like Muham- 
mad ibn Zakariyya’ al-Razi and Ibn Sina were 
unrivalled authorities on medicine.^ As a result, 
the practice and teaching of medicine was in- 
separable from the other disciplines and especially 
from philosophy. Medical knowledge usually 
reached the student through a figure who stood 
for the unity of the Islamic sciences and who 
presented various branches of knowledge to him 
as grades within a hierarchy rather than as 
compartmentalized and disparate forms of 
science. 

As far as the actual teaching of medicine is 
concerned, although its general principles were 
taught in madrasahs, most of the clinical aspects as 
well as surgery, pharmacology and the like were 
taught in the hospitals to which usually a medical 
school was added. 'Some outstanding physicians 
also taught their students in private circles at their 
homes or other places specially designated for 
such meetings. A great deal of instruction also 
took place in family circles or in private dispen- 
saries or apothecaries, especially as far as pharma- 
cology was concerned, for the tradition of genera- 
tions of one family practising medicine was strong 
in Islamic civilization for both Muslims and 
oriental Christians and Jews living among Mus- 

practised medicine to earn their living. In the later 
period of Islamic history, especially in Persia, the role of 
medicine in this context was often replaced by juris- 
prudence, although men who were both physicians and 
philosophers of note have continued to appear up to 
modem times. 
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lims. Some of the best-known medical families 
such as that of Ibn Zuhr in Spain and of Bukhtishu‘ 
in Persia and Iraq produced well-known phy- 
sicians for several centuries.^ 

The institution of the hospital was in- 
herited by Muslims from both the Persians and 
the Byzantines. Already, before the rise of Islam, 
the hospital at Jundishapur, near the present 
Persian city of Ahvaz, was a major medical 
institution in which, in addition to the care of 
patients, medical instruction was carried out on 
an extensive basis. In fact, this hospital and 
medical school complex was the main link of 
transmission of Graeco-Alexandrian as well as 
Indian and Persian medicine to Islam.^ There 
were also hospitals established by Byzantines in 
their eastem provinces such as Syria which be- 
came rapidly integrated into the Islamic world. 

Benehting from the existence of these 
institutions, the Muslims soon created their own 
hospitals.^ Although al-Walid I is said to have 
created the hrst hospital in Islam in the ist/yth 
century, the first real hospital with all the re- 
quired facilities of that day was established by 
Harun al-Rashid in Baghdad, during the 2nd/8th 
century, and the Christian physician Jibra’il ibn 
Bukhtishu' was called from Jundishapur to head it. 
It was this hospital which became the pivot of 
medical activity and the centre for the rise of 
Islamic medicine. The Baghdad hospital was 
later headed by such famous physicians as 
Yuhanna ibn Masawayh and it served as model 
for numerous other hospitals in Baghdad, the 
most famous being the ‘Adudi founded by the 
Persian ruler ‘Adud al-Dawlah in the 4th/ioth 
century. Hospitals were also established in other 
Muslim cities such as the one in Rayy which was 
headed by Muhammad ibn Zakariyya’ al-Razi 
before his coming to Baghdad.® 

3 - Even now in certain parts of the Middle East, there are 
Christian and Jewish pharmacists and iirms dealing in 
pharmaceuticals which have been carrying out both the 
science and the business of administering and dealing in 
medicaments for several centuries. 

4 - Jundishapur was a cosmopolitan centre where, in addi- 
tion to Persians themselves, there were a large number 
of Syriac-speaking Christians, who formed the main 
body of the medical faculty and most of whom had 
emigrated from the cities of Syria such as Edessa, and 
also a number of Indian physicians well acquainted with 
Sanskrit medical sources. 

5. On the history of hospitals in the Islamic world, see the 


Another major hospital was the one 
established by Nur al-Din al-Zanji in Damascus 
in the 6th/i2th century, said to have been built 
from the money received as ransom for one of the 
Prankish kings. A similar Nuri hospital was also 
built in Aleppo. Soon afterwards Salah al-Din al- 
Ayyubi constructed the Nasiri hospital in Cairo 
and from then on for several centuries a close link 
existed between .the medical centres of Syria and 
Egypt. The most notable hospital in Egypt was, 
however, the Mansuri hospital built by al- 
Mansur Qala’un in the yth/i^th century from an 
old Eatimid palace. The hospital had beds for 
several thousand patients with different wards 
specified for various illnesses and separate sections 
devoted to each of the sexes. It also possessed 
lecture halls, a library, a mosque and separate 
administrative quarters. 

A century earlier, the Almohad king 
Ya‘qub al-Mansur built the first large hospital 
of the Maghrib in Marrakesh and attracted 
notable physicians such as Ibnr Tufayl and Ibn 
Rushd to his court. Erom thĕn on hospitals con- 
tinued to be built in the Maghrib, some, like the 
7th/i3th century one at Salĕ, built by Mawlay 
‘Abd al-Rahman, being still in use. Likewise in 
Tunis, Algeria and Andalusia itself, many hospi- 
tals were built whose descriptions remain in 
various literary sources, and the word bimdristdn 
(a Persian word meaning ‘the place of the sick’), 
which has always been used in Arabic as the word 
for hospital, entered into the Spanish language in 
the form of malastan or marastdn. 

In the Ottoman empire, hospital building 
continued to follow the earlier Seljuk and Abbas- 
sid models. The first Ottoman hospital was the 
Ddr al-shifd’ in Bursa built in the 8th/i4th 
century followed by that of Mehmet II built in the 
9th/i5th century as part of his Kulliye. During 

still valuable classical work of Ahmad ‘Isa Bey, Histoire 
des bimaristans (hdpitaux) d l’ĕpoque islamigue', also his 
Ta’rikh al-bimdristdndt fi’l-isldm, Damascus, 1939; 
A. Khayrallah, Outline of Arabic Contributions to 
Medicine and the Allied Sciences, Beirut, 1946, pp. 59- 
73; C. Elgood, A Medical History of Persia and the 
Eastern Caliphate', idem., Safavid Medical Practice, 
London, 1970. See also the article ‘bimdristdn’ in the 
new Encyclopaedia of Islam, by D. M. Dunlop et al. 

6. Al-Razi also wrote a book on the necessary charac- 
teristics of a hospital entitled Kitdbfi sifdt al-bimdristdn 
(Book on the Characteristics of the Hospital) cited by 
Ibn Abi Usaybi‘ah and others. 
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1 ’Iatc 9>. Thc inierior of a Seljuk hospital. 


the same century under the order of Bayazid II 
there was created a set of institutions including a 
hospital, some of which still stands. As for Istan- 
bul, the great hospitals in that city began to be 
built from the ioth.i6th century onwards, lead- 
ing directly to the modern hospitals of the i3th/ 
I9th century, inAuenced greatly by the practice of 
Western medicine. 

As for Persia and India, there also accounts 
of travellers reveal Aourishing hospitals in many 
cities, but there is little doubt that during the last 
centuries the hospitals built by the Muslims of 
India were usually on a grander scale than those of 
Persia. To this day, in fact, the only remnants of 
large-scale hospitals and dispensaries where 
Islamic medicine is practised are to be found in 
the sub-continent, some of the outstanding 
examples being the Osmania hospital in Hydera- 
bad, Deccan, and the Hamdard Institutes of 
Delhi and Karachi. 

Supported usually by religious endow- 
ment {waqf) and also by help from living persons 
or the state, the hospital became a major scientihc 


institution in the Islamic world. It developed into 
various types, ranging from general hospitals 
catering for all kinds of diseases to those specializ- 
ing in the treatment of lepers or the insane and 
even animals. The teaching and the practice of 
Islamic medicine is inseparable from the institu- 
tion of the hospital which at its height in fact con- 
tained, in addition to wards, major libraries, lec- 
ture halls and other facilities necessary for the 
training of medical students. 

The practice of Islamic medicine has 
always been closely connected with the dispen- 
saries and chemists’ shops either adjoining a hos- 
pital or functioning independently. The druggist 
(usually called al-‘attdr) has, however, always 
been more involved in the intimate life of the 
people than the olhcial physician. To this day the 
traditional druggist himself caters for many of the 
daily needs of his customers and proposes various 
drugs for maladies which have not as yet become 
very serious. His knowledge of various drugs, 
especially herbs, which comprise most of the 
traditional medicaments, is often extensive, and 
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Plate 96. Inside a bath-house in Aleppo. 


his role from both the medical and the economic 
points of view is of importance. 

Also signihcant for its medical uses is the 
traditional bath (hammdm) which is to be found 
in one form or another throughout the Islamic 
world. Because of various forms of bodily purihca- 
tion required by Islamic Law, baths were built 
from the earliest times and to this day there is no 
small village without a public bath which is 
attended regularly for ritual as well as hygienic 
reasons. But in addition the use of hot and cold air 
and water and the rub-down or massage which is 
administered by a professional class trained in this 
art’ have been used by Muslim physicians for 
medical purposes and numerous treatises have 
been written on the subject such as that of Qusta 

7. Some philologists even believe that the word massage 
itseir has its origin in the Arabic massa, whose root 
means to rub or to touch with one’s hand. 

8. It is necessary here to mention the Roman baths which 
preceded the baths built by Muslims. There is a differ- 



Plate 97. Inside a traditional bath-housc. 


ibn Luqa. Ibn Sina also discusses the medical 
uses of the bath and he as well as Razi are said to 
have treated some patients in the bath itself.** 

The traditional use of the Muslim bath is 
almost a rite of its own. It usually takes several 
hours. Besides the washing of the body, the rub- 
down and ritual purihcation, special liquids are 
drunk and specihed periods spent either in the 
steam room or the cool waiting-room outside. 
Physicians have used the bath for all kinds of cures 
ranging from overcoming headaches to reviving 
sexual energy. The Turkish bath which is so 
celebrated in the West is the last chapter in a long 
history of the bath as both a social and medical 
institution stretching over the whole of Islamic 
history. To this day, traditional baths function 

ence between the two, however. The Roman bath was 
an important social institution with a minor medical 
role; the Muslim bath, although also important socially, 
possesses a much greater medical, as well as religious, 
signihcance than its predecessors. 










Plate 98. The interior ofa Pcrsian bath-house in Kerman. 



Higure 74. Vapour risingfrom aTurkish bath-housein Istanbul. 
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from Morocco to Persia and Afghanistan, and, 
although used less medically than before, con- 
tinue to fulfil medical as well as religious and 
hygienic hinctions for those who still wish to be 
treated according to the teachings of Islamic 
medicine. 


The Theory of Islamic 
Medicine 

The theory of Islamic medicine is related 
inextricably to the whole of Islamic metaphysics, 
cosmology and philosophy, because the object of 
medicine, namely man, is a microcosm who re- 
capitulates within himself the whole of existence 
and is in fact the key to an understanding of 
existence, for according to the Arabic dictum al- 
insdn ramz al-wujud (man is the symbol of exis- 
tence). Islamic physicians saw the body of man as 
but an extension of his soul and closely related to 
both the spirit and the soul. Moreover, it was 
specially concerned with the interpenetration and 
interrelation of cosmic forces and the effect of 
these forces upon man. Muslim physicians 
remained also fully aware of the ‘sympathy’ 
between all orders of existence and the mutual 
action and reaction of one creature upon the 
other. They, therefore, envisaged the subject of 
medicine, namely man, to be related both in- 
wardly through the soul and the spirit and ‘out- 
wardly’ through the grades of the macrocosmic 
hierarchy to the Principle of cosmic manifestation 
itself. Likewise they sought the principles of 
medicinein the sciences dealing with the Principle 
and its manifestations, namely metaphysics and 
cosmology. Whatever may have been the histori- 
cal origins of Islamic medicine, its principles 
cannot be understood save in the light of Islamic 

9. The same holds true for all traditional schools of 
medicine, whether they be those which inAuenced the 
Muslims, such as the Greek, or those which did not, 
such as the Tibetan and the Chinese. In fact, the very 
existence of several schools of medicine, all of which are 
successful in treating illnesses, but are different in their 
methods, proves that there is not simply one valid 
system of medicine based upon simple observation of 
different phenomena. Rather, besides the oAhcial modern 
medicine there are several systems derived from various 


metaphysics and cosmological sciences.® 

The Muslims did adopt much of Greek 
medicine, especially its theory, but this adoption 
was possible only because of the traditional 
nature of this medicine and its concordance with 
the Islamic conception of the Universe. It must 
not be forgotten that here as in the domain of 
philosophy the Muslims considered the origin of 
this science to be prophetic and sacred and in fact 
related to the Abrahamic prophetic chain which 
the Muslims considered to be their own.^® The 
rapid assimilation of Greek medical theory into 
the Islamic perspective is due most of all to this 
latent possibility within the Islamic perspective 
itself and the close relation between the idea of the 
harmony of parts in Hippocratic and Galenic 
medicine and the concept of balance and har- 
mony so central to Islam. It is not accidental that 
the theoretical background of Greek medicine 
belongs to the same schools of Greek philosophy 
which were easily assimilated into the Islamic 
perspective and not to those which the Muslims 
rejected. The reasons for the 'Muslimization’ of a 
Hippocrates or Galen are nearly the same as those 
of a Plato or an Aristotle and are also related to the 
reasons for the rejection of other schools of 
Greek thought, such as the Epicurean or the 
SophisL. Had Greek medicine possessed a theo- 
retical background related to the anti-meta- 
physical schools of late Antiquity, it is very 
doubtful whether it would have been integrated 
so perfectly within the Islamic intellectual uni- 
verse. 

As far as the general theory of Islamic 
medicine is concerned, its basis rests upon the two 
cardinal doctrines of all traditional cosmologies, 
namely the hierarchic structure of the cosmos and 
the correspondence between the microcosm and 
the macrocosm alluded to earlier in this book.“ 
As for the specihc field of medicine itself, it is with 
the four elements and the four natures that it 
usually begins its theoretical discussion, leaving 
the relation between the natures and the elements, 

cosmological principles which meet solely at the level of 
unity of metaphysical doctrine. 

10. See ‘Hermes and Hermetic Writings in the Islamic 
World’, in S. H. Nasr, Islamic Studies, Beirut, 1966, 
pp. 63-89; also Nasr, An Introduction to Islamic Cosmo- 
logical Doctrines, Prologue. 

11. See also Nasr, ibid., where both these doctrines in their 
Islamic setting are dealt with thoroughly. 
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Figure 753. Thc four natures and humours. 


the materia prima and form and the imposition 
of form upon matter to general works on natural 
philosophy. Conceming the elements and the 
natures, it must be remembered that in medi- 
cine as in physics and alchemy, they must not be 
thought of as simply the fire, air, water and earth 
found in nature, nor the cold, heat, dryness and 
humidity man feels during the yarious seasons of 
the year. Rather are they the principles of the 
gross elements and qualities called by the same 
names in daily language. 

The four humours, that is blood, phlegm, 
yellow bile and black bile are composed of the 
elements and natures according to the above 
diagram (Pigure y^a). Each humour is related to 
two natures and two elements and possesses 
qualities which are at once the same and diflFerent 
from other humours. The humours form the 
foundation of animal activity and the body of all 
animals including man is comprised of them. 
They mix together to form the temperament of 
each individual. In fact each person possesses a 
unique temperament as do the organs of his body 

12. On the theory of Islamic medicine relatively few serious 
works have appeared in the West where, until quite 
recently, any view of nature other than that of modem 
Westem science was laughed at and ridiculed. For the 
works which give a positive exposition of the theories of 
Islamic medicine see O. C. Gruner, A Treatise on the 
Canon of Medicine, Incorporating a Translation of the 
Pirst Book, London, 1930; and Hamdard Institute, 
Theories and Philosophies of Medicine, New Delhi, 1962 ', 
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Figure 75b. The basic organs of the body in relation to the humours, 
qualitics, natures and seasons according to the Jabirean corpus. 


based upon the particular combination of the 
humours comprising his constitution. Moreover, 
the harmony of the humours tends in each case 
towards a particular type of imbalance; hence 
some tend to be phlegmatic, others melancholic, 
etc. Also, each temperament possesses its own 
heat in addition to the innate heat which every- 
thing possesses. 

But neither the humours nor their mixture is 
the cause of life. They are only the vehicle which 
make possible the manifestation of life. The Mus- 
lim physicians believe in the spirit {ruhY^ which 
descends upon this mixture of the humours and 
which is the subtle body standing intermediate 
between the physical body comprised of the 
humours and the force of life which comes from 
the world above. It is worth drawing attention 
to the similarity between the words riih and rih 
(the wind or air) in Arabic and to the Galenic 
doctrine that through the air breathed by the 
organism the life-force enters the body. It is 
also of signihcance to note that in Arabic as in 
many other languages the words for breath (nafas) 


see also F. E. Peters, Allah’s Commonwealth, pp. I73ff.; 
and M. Ullmann, Die Medizin im Islam, Leiden, 1970, 
pp. 97-100. 

13. The medical use of the term riih must not be confused 
with the metaphysical and theological use of this term 
as the spirit which stands above the soul and belongs to 
the purely angelic world. 
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14. This is the subject of the well-known Taculty psycho- 
logy’ developed by so many Muslim philosophers and 
physicians such as Ibn Sina and referred to earlier in 
Chapter IV. 

15. Modem medicine cannot dehne the meaning of health 
in its own terms, whereas for traditional Greek and 


and soul (nafs) are related. Therein lies a pro- 
found cosmological principle which is also re- 
lated to the invocation of the Name of God 
(dhikr) as the central technique of Suhsrn for 
spiritual realization. 

The spirit or ruh in its medical sense is, 
according to Muslim physiologists, and following 
Galen, of three kinds: 

1. The vital spirit which is hot and dry, has its 
centre in the left ventricle of the heart, preserves 
life, causes the body to grow, move and reproduce, 
and travels within the arteries. 

2. The psychic spirit which is cold and wet, has its 
centre in the brain, causes sensation and move- 
ment and moves within the nerves. 

3. The natural spirit which is hot and wet, has its 
centre in the liver, is concerned with the reception 
of food, growth and reproduction and travels 
within the veins. 

Each of the spirits produces a series of 
faculties which carry out its functions. For 
example, each physical sense has its faculty, the 
heartbeat its faculty, etc. 

In addition to these factors, there operate 
of course within man the three souls, namely the 
vegetable, animal and rational, all of which 
descend from the world above and each of which 
possesses its own faculties.’^ The more rehned 
the mixture of the humours the greater the per- 
fection and the more complete and perfect the 
possibility of receiving the soul. Moreover, in 
each man, health means the harmony of the 
humours and illness the disruption of the 
balance of the constitution.^® Of course the 
harmony is never perfect in any person,^® but 
relative to his own constitution, health means the 
re-establishment of the balance of the humours. 
Diagnosis for such disorders as fever are in fact 
based on searching for the way in which the 
balance of the humours has been upset. But for 
diseases which show overt signs, the most 
notable sign or signs are made use of for diag- 
nostic purposes and often the disease receives the 
name of the leading sign connected with it. Even 
in English to this day people speak of having a fit 
or a stroke. 

Islamic medicine the dehnition of both health and sick- 
ness is quite clear. 

16. Many traditional sources believed that only the Prophet 
of Islam as the most perfect of God’s creatures possessed 
a perfectly balanced temperament, both medically and 
psychologically. 



The Applied Sciences 


Beside the internal causes of health, Mus- 
lim physicians believed that six external factors 
are essential and must be present to guarantee the 
health of the patient. These were usually called 
the 'Six Necessities’ (sittah daruriyyahy^ and are 
as follows: 

1. Air (including the elTects of yarious climates, 
soils, etc.). 

2. Food (including times of meals, what should be 
eaten and drunk and their amount, etc.). 

3. Bodily rest and movement (including exercise). 

4. Sleep. 

5. Emotional rest (including the question of 
which emotional states help or harm health). 

6. Excretion and retention (including the effects 
of sexual intercourse).^* 

The traditional physician who usually 
knew his patient well sought to restore health not 
only by examining internal problems but by 
studying all the dilTerent external Tactors listed 
here so as to discover the one or several causes 
which had disrupted the harmony of the humours 
within the body and vis d vis the environment, 
causes which can range from having eaten the 
wrong food to emotional strain. 

Since the external world of man is also 
comprised of the elements possessing ”arious 
natures, there is a constant action and rsaction 
between the total external environment of man 
and the humours. Eirst of all, each climate causes 
the people living within it to have a dilTerent type 
of temperament from people of another climate. 
Likewise, racial heredity, age, sex, and many 
other Tactors inAuence the temperament. More- 
over, all the food and drugs that man consumes 
possess various natures in difTerent degrees. 
Hence they too afTect the temperament. Health is 
then a question of living in harmony within one- 
self and with the environment, taking into full 
consideration what one eats and drinks in view of 
each person’s particular inner constitution. There 
is a vast cycle comprising the individual, the air, 
water, soil, etc. about him, the food and water he 
eats and drinks and even cosmic forces further re- 

17. There was, in fact, a treatise written in the ioth/i6th 
century under that very title by an anonymous author 
and dedicated to the Indian prince Burhan Nizam 
Shah. 

18. The all-embracing nature of Islamic medicine which 
considers both environmental and psychological factors 
in health can be seen from this aspect of medicine alone. 


moved from' him, including the stars. Even the 
substances surrounding man, such as wood, 
brick or metal, inHuence his health to some degree. 
It is for him at hrst and secondly for his physician 
to discover the nature of his temperament, the 
tendencies within his constitution to move away 
from the state of harmony, and the means neces- 
sary through diet, medicament, exercise or other 
factors to re-establish the harmony which is 
synonymous with health.’^® 


DifTerent Branches of 
Islamic Medicine 

Anatomy and Physiology 

Anatomy and physiology formed an in- 
separable unit in Islamic medicine and in fact 
served as preludium for all the branches of medi- 
cine. Moreover, the study of the anatomy and 
. physiology of the human body remained of the 
greatest interest to Suhs, theologians and philo- 
sophers as well as to physicians, and students of 
most other traditional disciplines acquired some 
knowledge of it. In accordance with the Islamic 
perspective which sees creation as ‘signs’ iaydt) 
of God, Muslims considered the study of the 
human body as of prime importance for an 
understanding of the wisdom of God so manifest 
in man, his supreme creation. That is why the 
Ikhwan al-Safa’ in their Epistles paid so much 
attention to the numerical symbolism of the parts 
of the human body and their correspondence with 
various parts of the cosmos, or Sufis such as al- 
Ghazzali and Ibn ‘Arabi dealt so extensively with 
the symbolism of human anatomy, or a philo- 
sopher and theosopher such as Mulla Sadra 

19. It is paradoxical that in the highly individualistic 
modem civilization there is a crass uniformity in 
medicine which assumes that the reaction of all bodies 
to a drug is the same or nearly so, whereas in traditional 
medicine belonging to a civilization in which the indivi- 
dual order is always subservient to the universal order 
each patient is treated individually and his temperament 
taken to be a unique blend of the humours never to be 
found in exactly the same balance in another individual. 
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I^gum 77 and 78. Diagrains from various trearises on anatomy. 


tumed to an extensive discussion of this subject in 
his masterly opus, the Majdtih al-ghayb {Keys to 
the Unseen)}^ Even Islamic political thinkers such 
as al-Farabi explained their theory of human 
society by appealing to the symbolism of human 
anatomy. 

Islamic Law did not permit the dissection 
of the human body, although its strict prohibition 
has been debated by some of the jurists over the 
ages. Whatever the technical legal status might be, 
the religious climate in any case opposed an act 
which appeared as a violation of the respect which 
is due to God’s most noble creation. As a result, 
practically no dissections were carried out and 

20. As an example of this type of use of anatomy see ‘The 
Microcosm and Its Relation to the Universe’ in our An 
Introduction to Islamic Cosmological Doctrines, pp. 96 ff. 
See also al-Ghazzali, Alchemy of Happiness, trans. by 
H. Homes, Albany, 1873, pp. 38-39, as well as the pages 
devoted to the study of the body as the ‘temple’ of the 
spirit by Ibn ‘Arabi, al-Jili, Nasaii and others. The title 



PigUKTS 


Muslims relied heavily upon Galenic anatomy 
and physiology and its theory of the circulation of 
the blood and the spirits which are reAected 
clearly in such famous Islamic texts of anatomy as 
the Mukhtasar dar ‘ilm-i tashrih (A Brief Manual 
of Anatomy) of ‘Abd al-Majid al-Baydawi and 
the Tashrih-i mansuri (Mansur’s Anatomy) by 
Mansur ibn Muhammad ibn Faqih Ilyas, written 
during the yth/i^th and 9th/i5th centuries res- 
pectively. The major departure of Muslims from 
Galenic anatomy and physiology came with the 
discovery of the lesser circulation of the blood by 
Ibn al-Nafis to which we shall tum soon. 


of one of Ibn ‘Arabi’s famous works, Kitdb al-iadbirdt 
al-ildhiyyah fi’l-mamlakat al-insdniyyah (The Book of 
Dhine Regimens Concerrdng the Human Dominion), 
where dominion (mamlakah) is directly related to the 
symbolism of the human body, is specially signihcant 
from this point of view. 
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Plates 99, loo, loi, 102, 10} and Pigure 79. Diagrams from various 
treatises on anatomy. 


The Islamic works on these subjects were 
usually concerned with the description and enu- 
meration of various parts of the body, especially 
the bones, the nerves and the muscles. The bones 
were usually considered to be 248 in number and a 
fairly exact description of some of them was 
given. The nerves were generally the most exactly 
described parts of the body while the anatomy and 
physiology of muscles remained scanty. Much 
attention was also paid to the relation between 
organs, some being ‘masters’ ofothers which were 
then called ‘servile’. For example, the lung is 
‘servile’ in relation to the heart and the heart 
‘master’ vis-d-vis the lungs. Moreover, some 
organs were considered to give, others to receive 
and yet a third group to be neither donor nor 
recipient. Altogether the greatest concern of 
Muslims was with the overall functioning of the 
body and the inter-relation of the organs within 
the total unity of the body. 


Plate 100 


Hygiene and Public Health 

Islamic medicine is more concerned with 
the prevention of illness than with its cure; there- 
fore the question of hygiene and also preventive 
medicine plays a major part in both its theoretical 
and practical considerations. Westerners travel- 
hng to some of the big cities of the Islamic world 
where poverty and overpopulation combined 
with a certain degree of decadence within tradi- 
tional Islamic civilization provide plenty of 
evidence for unhealthy conditions and unsanitary 
practices might protest against the assertion that 
cleanliness is a basic aspect of Islam. They also 
compare these unhealthy conditions with the 
machine-produced cleanliness of industrial so- 
cieties, which comes from quite another order, and 
forget the conditions prevalent in Europe until 
only two centuries ago. Older Westem travellers 
did not suffer from this optical illusion and were 
struck in their travels through the Islamic world 
with the general cleanliness of the people. 
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The emphasis upon personal hygiene and 
cleanliness in Islamic medicine is in fact a direct 
eflfect of the teachings of Islam. Ritual cleanliness 
requires Muslims to wash themselves regularly. 
The use of the toothbrush goes back to the Holy 
Prophet and certain strict injunctions concerning 
private and public hygiene are rooted directly in 
the teachings of the SharPah. The same is true of 
dietary habits which include not only total absten- 
tion from alcoholic drinks and pork, but also 
fasting, eating less than one’s full appetite, eating 
slowly and numerous other injuctions with direct 
medical effects. The aspects of Islamic medicine 
concerning hygiene and public health include 
both these religious teachings^^ and purely 
medical ones inherited through millennia of ex- 
perience and science. The major compendia of 
medicine usually devoted a section to it and num- 
erous separate treatises were written with the title 
hygiene and public health {hifz al-sihhah), the 
most famous being those of Ishaq ibn ‘Imran, Ibn 
al-Jazzar, Ibn al-Mutran, Pakhr al-Din al-Razi 
and Ibn al-QulT, not to speak of the treatises of 
Muhammad ibn Zakariyya’ al-Razi and Ibn Sina 
bearing on this subject.^^ 

As far as hygiene is concerned, it is im- 
portant to emphasize the importance of diet from 
the point of view of Islamic medicine. It plays a 
much more important role than does diet in 
modem medicine. The Muslims considered the 
kind of food and the manner in which it is con- 
sumed to be so directly connected to health that 
the effect of diet was considered by them as being 
perhaps more powerful than that even of drugs on 
both health and illness. It is not accidental that the 
Andalusian physician Abu Marwan ibn Zuhr in 
the 6th/i2th century wrote the first scientific work 
on diet ever composed, the Kitdb al-aghdhiyah 
(The Book of Diet), and that food plays such an 
important therapeutic role to this day in the 
Islamic world. 

Internal Medicine 

Most of Islamic medicine is concerned 
with internal medicine compared to which sur- 
gery plays a secondary role. Muslim physicians 
have always believed that health rather than ill- 

21. As a proof of the importance of the religious element in 
hygiene, we must point to the central place it occupies in 
‘prophetic medicine’ and also to the fact that ‘Ali ibn 
Musa’l-Rida, the eighth Shi‘ite Imam, wrote a treatise 


ness is the natural state of the body and therefore 
the body possesses a natural force to bring any 
disequilibrium back to the state of equilibrium 
characterizing the state of health. Great emphasis 
is placed upon the ability of the body to recover 
and the use of all external factors such as medica- 
ments is seen as an aid to this innate power within 
the body to repel whatever has caused ill health. 
These external factors are not seen as the direct 
cause of the cure of sickness. 

Muslim physicians relied, of course, a 
great deal upon external symptoms such as the 
pulse and complexion and possessed remarkable 
powers to diagnose a disease through these factors. 
As far as ordinary diseases are concerned, they 
were especially aware of the importance of the 
digestive system in internal disorders and had 
recourse to a range of purgatives to re-establish 
the orderly function of the digestive organs. They 
also relied upon blood-letting, either to remove 
poisons within the body or to bring the body into 
harmony with new climatic conditions such as 
change of seasons. They were able to distinguish 
a large number of diseases, some of which they 
learned from ancient medical sources and others, 
like small-pox, meningitis, whooping cough, hay 
fever, etc., which they were the first to distinguish 
and describe correctly in the history of medicine. 
Their treatment of these and other diseases 
depended, of course, upon the humoural patho- 
logy and the theory of the correspondence between 
the natures within the humours and in external 
factors such as climate, food and drugs which 
forms the foundation of the whole of Islamic 
medicine. 

Ophthalmology 

A branch of medicine which received 
special attention in Islamic medicine was ophthal- 
mology and throughout the Islamic world the 
ophthalmologist (kahhdl) had a distinct person- 
ality among the various classes of physicians. The 
Muslims inherited the whole of Greek and 
Alexandrian knowledge on the subject which is 
reAected in the earliest Arabic treatises on it such as 
those of Hunayn ibn Ishaq. To this was gradually 
added the experience and knowledge of various 

on health and hygiene entitled al-Risdlat al-dhahabiyyah 

(The Golden Treatise). 

22. See Ullmann, Die Medizin im Islam, chap. 5, pp. 190 lif. 
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PiguK So. Anatomy of th« eye. 


Muslim ophthalmologists and oculists leading to 
the work of the outstanding hgures of this branch 
of Islamic medicine such as the Christian oculist 
‘Ali ibn ‘Isa, the author of the most famous Arabic 
treatise on ophthalmology, the Tadhkirat al- 
kahhdlin{Treasury for Ophthalmologists), and Abu 
Ruh Muhammad al-Jurjani entitled ‘Zarrindast’ 
(The Golden Hand), the greatest of the Persian 
oculists whose Nur al-ayn {The Light of the Eye) 
has served the practitioners of the art for centuries. 

Ophthalmology was specially pursued in 
Egypt as a result probably of the prevalence of eye 
diseases in that land due to the dust brought by 
the winds from the desert. Even during the pre- 
Islamic period, Alexandrian physicians were 
particularly noted for their works on ophthal- 
mology. But this does not mean that it was not 
practised on a high level elsewhere. In both the 
eastem lands, especially Persia, and the Maghrib 
there appeared also notable treatises on the sub- 
ject, while ‘Ali ibn ‘Isa was taught everywhere and 
even translated into Latin as Tractus de oculisjesu 











Plate 104. Anatomy of the eye. 


ben Hali. Many of the technical terms pertaining 
to ophthalmology in Latin as well as some modern 
European languages are of Arabic origin, and 
attest to the inAuence of Islamic sources on this 
subject. Eastward also the works of such men as 
al-Jurjani spread into India where practices such 
as couching for the treatment of cataract have 
survived to the present day. 


Surgery 

The Muslim physicians usually dis- 
approved of surgery where it was not considered 
as absolutely necessary, but nevertheless many 
surgical operations from the Caesarean section 
to complicated eye operations are described. 
Numerous surgical instruments especially various 
types of scalpels were developed, some quite ela- 
borate and combining as elsewhere utility and 
beauty, and most have survived relatively un- 
changed over the ages with only small local 
variations. Most of the instruments revert back 
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to those described in the work which marks the 
peak of surgery in Islam, the Kitdb al-tasrif (The 
Book of Concession) of the Andalusian Abu’l- 
Qasim al-Zahrawi whom the West knew so well as 
Albucasis. 

Surgery in Islam was also concerned 
greatly with cauterization, which was widely 
practised as in the mediaeval West, and which also 
has traditional religious sources to support its 
practice. Cauterization was used not only for 
destroying infection around a wound but also for 
such specihc problems as haemorrhoids. It of 
course also played an important role in the ampu- 
tation of limbs, the destruction of certain tumours, 
and the like.^® 

It is of interest to note the treatment given 
for broken or disjointed parts of the body which 
forms part of surgery today. In Islamic medicine 
most such cases were not operated upon but were 
treated by means of external pressure applied to 
place the dislocated parts in their original position 
and even to set broken bones. The mastery of 
practitioners of this art has been so great that to 
this day they are able to compete with modem 
physicians in many parts of the Islamic world and 
can treat even such diliicult fractures as broken 
shoulders not to speak of disjointed ones. 
Because of the mastery and practical success of the 
practitioners of traditional osteology, this branch 
of Islamic medicine has remained one of the most 
living until today, even in those parts of the 
Islamic world where the other branches are no 
longer practised seriously.-’' 

Also in conjunction with surgery it is 
necessary to say something about oral surgery and 
dentistry in general. Muslim physicians per- 
formed various operations on the mouth as well as 
treating the teeth themselves. In addition to pro- 
viding various instructions for keeping healthy 
teeth,'^" they provided regular service for patients 
with tooth trouble and even made false teeth from 
the bones of animals for some of their patients. 

23. Some of the simpler forms of cauterization a$ well as 
other operations were performed in the Islamic world as 
in the West by barbers. This was especially true of cir- 
cumcision, which is also a religious rite in Islam and is 
usually combined with special religious ceremonies in 
the family. 

24. Not the least reason for the success of this class of hakitns 
is the various effective ointments which they possess, 
ointments whose composition they usually keep secret. 
Some of these ointments have been kept within one 
family over the centuries. 



Pigure 81. Surgical instrumems from al-Zahrawi. 


25. It is remarkable how the quality of teeth deteriorates 
with the ‘advance’ of modem civilization, as one can 
observe among living members of a single family in 
many Islamic cities today. The more modemized their 
life style becomes, the more rapidly usually do their 
teeth and eyes deteriorate. This is not a matter of his- 
torical speculation but of actual experience and observa- 
tion. 
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Fifure 82. A selection of Islamic surgical instrumenis. 


Pigure 83. A Caesarean operation. 
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Plate 105. A patient with hacmorrhoids bcing trcatcd. 
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Plate 106. A dislocated shoulder bcmg sct. 
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Medicine and the Occult 
Sciences 


Pinally in this brief treatment of the 
various aspects of Islamic medicine a word must 
be said about the relation of this medicine to such 
occult sciences as astrology, the ‘occult properties 
of objects’ {khawdss al-ashyd’), etc. This is a 
complicated subject treated in certain medical 
works and not in others. Most physicians believed 
in astrological correspondences and took them 
into consideration in their treatment of both 
psychological and physical ailments. Some wrote 
of the special inAuence of certain minerals or 
plants upon various physical forces within the 
body or special ailments and numerous treatises 
exist where tables are given to show these rela- 
tions. Likewise the discussion of the medical 
effects of the occult properties of various minerals 
and plants is a part and parcel of most lapidaries 
and works on natural history as mentioned al- 
ready. This type of treatment is of course distinct 
from recourse to prayer, fasting, litanies and use of 
certain traditional sciences connected with the 
‘therapeutic’ power of various formulas of the 
Holy Book which is also a very common practice 
among all Muslim peoples today as before. 
Altogether the relation between medicine and all 
the forces which belong to the worlds above 
nature forms an essential aspect of Islamic medi- 
cine and no amount of criticism by modern 
physicians or Muslim apologists can obliterate 
this fact. Moreover, this aspect of Islamic medi- 
cine, if secondary accretions are shorn away from 
it, is an essential aspect of it, containing a know- 
ledge of the relationship between the microcosm 
and other orders of reality to which modem 
medicine is completely alien, but which neverthe- 
less many people are seeking to discover today 
through whatever means they find at their 
disposal. 

26. Concerning the history of Islamic medicine, see A, 
Ponahn, Zur Quellenkunde der persischen Medizin, 
Leipzig, 1919; C. Elgood, A Medical History of Persia 
and the Eastern Caliphate; idem, Safavid Medical 
Practice; E. G. Browne, Arabian Medicine, Cambridge, 
1921; D. E. H. Campbell, Arabian Medicine and Its 
Influence on the Middle Ages, London, 1926; L. Lederc, 
Histoire de la medecine arabe; expose complet des traduc- 
tions du grec; les sciences en Orient, leur transmission par 
les traductions latines, 2 vols., Paris, 1876, also New York, 
1960; F. Sezgin, Geschichte des arabischen Schrifttums, 


Islamic Medicine in its 
Historical Development 

The Historiography of 
Islamic Medicine 

A great deal of research has been carried 
out over the past two centuries by Western and 
Muslim scholars alike to make better known the 
history of Islamic medicine.^® But although the 
task is far from finished because of the vast 
amount of material involved, the work of these 
scholars has been facilitated by the historio- 
graphy of medicine within the Islamic world 
itself which is the most complete and developed of 
any traditional civilization. 

Scholars working within the Islamic world, 
at first Christians such as Ishaq ibn Hunayn and 
then Muslim ones, began to write histories of 
medicine based on the earlier work of John the 
Grammarian. By the 4th/ioth centuries major 
histories of philosophers and physicians - these 
being usually treated together - appeared, such as 
the well-known histories of Abu Sulayman al- 
Mantiqi al-Sijistani and his student Abu Hayyan 
al-Tawhidi in Baghdad, Ibn Juljul and Qadi 
Sa‘id al-Andalusi in the Maghrib. These in turn 
served as bases for the major works of the yth/ i^th 
century which mark the peak of writings on the 
history of Islamic medicine, namely the ‘Uyun 
al-anbd’ fi tabaqdt al-atibbd’ {Important Infor- 
mations concerning the Generations of Physicians) 
of Ibn Abi Usaybi‘ah, the Ta’rikh al-hukamd’ 
{The History of Physicians and Philosophers) of 
Ibn aI-Qifti and the Wafaydt aTa’ydn {The 
Demise of Eminent Men) of Ibn Khallikan. These 
works complemented the vast amount of infor- 
mation on the history of medicine contained in 
actual medical treatises such as the Kdmil al- 
sind^ah {The Perfection of the Art) of al-Majusi. 


vol. III, Leiden, 1970; Ullmann, Die Medizin im Islam, 
pp. 108-189; and M. Najmabadi, Tdrikh-i tibb dar irdn 
pas az isldm; also A. Dietrich, Medicinalia Arabica, 
Gdttingen, 1966. For a general bibliography of works 
on Islamic medicine, see S. Hamarneh, Bibliography on 
Medicine and Pharmacy in Medieval Islam, Stuttgart, 
1964. The numerous studies of M. Meyerhof need 
especially to be mentioned here, for they cover nearly 
every held of Islamic medicine. 
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Together they have enabled the scholars to trace 
the general historical development of Islamic 
medicine while the particular features continue to 
be hlled through the study of individual physic- 
ians andtreatises.2^ 

The Sources of 
Islamic Medicine 

Islamic medicine came into being as a 
result of the integration of the vast heritage of the 
Graeco-Alexandrian, Near Eastern (Syriac), Per- 
sian and Indian traditions into the general perspec- 
tive of Islam with the orientation and general 
direction provided by the Holy Quran and pro- 
phetic Hadith. Muslims considered practically 
every Greek philosopher including Pythagoras 
and Plato to be a physician as well, in accordance 
with their own identifying of the philosopher and 
the physician in the single figure of the hakim. 
But the most important Graeco-Alexandrian 
sources were first of all Hippocrates and Galen, 
and then nearly all the other Greek physicians of 
note such as Alexander of Tralles and Paul of 
Aegina, and such famous treatises as the Pandects 
of Ahron and works attributed to Hermes and 
Asclepius. 2 ® Hippocrates, known in Arabic as 
Buqrat - which is a household name in Arabic and 
Persian - is already cited by Jabir ibn Hayyan 
and was recognized from the earliest period as the 
father of Greek medicine. Numerous works by 
him were rendered into Arabic from the beginning 
of the movement of translation. As for Galen 
(Jalinus in Arabic which is also a very popular 
name in Islamic languages) more of his works sur- 


27. On the historiography of Islamic medicine, see M. 
Plessner, ‘The Natural Sciences and Medicine’, in the 
Legacy of Islam, pp. 456-458; and Ullmann, Die 
Medizin im Islam, pp. 228-233. 

28. On these sources, see Sezgin, op. cit., pp. 21 ff.; and 
Ullmann, op. cit., pp. 25 ff. 

29. The technical terminology of Islamic medicine, as well 
as other sciences, has been a subject of research for many 
decades in the West and was also always of interest to 
traditional Islamic philologists and scientists, as seen in 
the treatment given to such terms in many Arabic, 
Persian and Turkish lexicons. As far as Western works 


vive in Arabic than in Greek and Muslims es- 
pecially identified him as much with philosophy as 
with medicine since it was through him that they 
received the synopsis of the dialogues of Plato as 
well as the debates of the Alexandrian commen- 
tators of Aristotle. Islamic medicine was parti- 
cularly fortunate in receiving the Hippocratic and 
Galenic corpus in the unmatched translation of 
Hunayn ibn Ishaq who was himself an outstanding 
physician. He is perhaps responsible more than 
any other translator for the perfection of the medi- 
cal vocabulary in Arabic.^** In both quantity and 
quality the translations of the treatises of Galen 
occupy a unique position among the sources of 
Islamic medicine.^“ 

As far as Syriac works are concerned, the 
works of Sarjis of Resh‘ayna which were taught at 
Jundishapur inAuenced Muslim authors as did a 
few other treatises such as the work of Yarbuqa on 
poisons.^^ Jundishapur was also the locus of 
Persian inAuences upon Islamic medicine. But as 
far as actual texts are concerned little has sur- 
vived, the most important being the introduction 
of Burzoe to the Kalilah wa Dimnah. As for Indian 
sources the most inAuential works translated 
either at Jundishapur or Baghdad were the 
Cdnakya (the Arabic Shdndg) on poisons, the 
Susruta (the Arabic Susrud) cited by al-Tabari 
and al-Razi, and the Caraka sarnhitd of Caraka 
(Saharik al-hindi). Together these works con- 
stituted the written record which along with the 
practical knowledge and the oral tradition were 
transmitted to Islamic civilization at Jundishapur, 
Alexandria and elsewhere, making possible the 
genesis of Islamic medicine in the 2nd/8th century. 


are concerned, see G. S. Colin and H, P. J. Renaud, 
Glossaire sur le Mansuri de Rases, Rabat, 1941; A. 
Ponahn, Arabic and Latin Anatomical Terminology, 
Kristiania, 1922; and also the more general work of A. 
Siggel, Arabisch-deutsches Wortbuch der Stojje aus den 
drei Naturreichen, Berlin, 1950. 

30. Sezgin cites 163 Arabic works by Galen or attributcd to 
him. See Sezgin, op. cit., pp. 78-140. 

31. See M. Levey, Medieval Arabic Toxicology, the Book of 
Poisons of Ibn Wahshiya and Its Relation to Early Indian 
andGreek Tms^Philadelphia, 1966. 
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‘Prophetic Medicine’ 

The religious basis of Islamic medicine is 
to be found in a group of traditions of the Holy 
Prophet concerning medicine assembled in a 
special section by the early canonical scholars who 
brought together the general collections of Hadith. 
Gradually around this nucleus there grew a parti- 
cular branch of medicine called ‘prophetic medi- 
cine’ {al-tibb al-nabawi or nbb al-nabt) which later 
accepted certain features of the Galenic system 
but remained always of an overwhelmingly reli- 
gious character. Throughout the ages, works were 
composed in this field, the first, according to 
tradition, being the collection of the prophetic 
sayings pertaining to medicine assembled by ‘Ali 
al-Rida, the eighth Shi‘ite Imam, during the cali- 
phate of al-Ma’mun.^^ Soon this type of writing 
became a distinct class of its own, so that such 
later compilers as the Ottoman bibliographer 
Hajji Khalifah in his Kashj al-?unun {The 
Removal of Doubts) devoted a special section to it. 

Such authors as Abu Nu‘aym al-Isfahani, 
the outstanding biographer of early Sufism, the 
jurisprudent and theologian Ibn al-Jawzi, the 
historian and traditionalist Abu ‘Abdallah al- 
Dhahabi, the encyclopaedist JalM al-Din al- 
Suyuti, the physician-astronomer Mahmud ibn 
‘Umar Chaghmini*® and many others wrote on 
‘prophetic medicine’. And interest in such works 
continued in the later centuries with texts appear- 
ing in Persian, Turkish and even Urdu as well as 
Arabic on the subject. Moreover, in Shi‘ism, a 
class of works entitled ‘the medicine of the Imams’ 
{tibb al-a’immah) associated particularly with the 
first, sixth and eighth Imams, was collected and 
edited as complementary to prophetic medicine 
and enjoying the same wide popularity. Altogether 
this branch of Islamic medicine is important not 
only for an understanding of regulations con- 
cerning health, followed by a vast number of 
believers because of their prophetic origin, but 
also because it reveals the religious matrix in 
which the older schools of medicine were received 
by Muslims. For it was from the integration of the 


32. There is also a treatise in the Jabirean corpus entitled 
Kitdb al-tibb al-nabawi‘ald ra’y ahl al-bayt (The Book 
of ‘Prophetic Medicine’ according to the view of the 
Household of the Prophet). 

33. The text of al-Suyuti entitled simply Tibb al-nabi is per- 
haps the most famous of this type of literature in Islam. 


Islamic ‘form’ with the ‘materia’ provided through 
translation that Islamic medicine as a distinct 
school came into being. 


Islamic Medicine from its 
Origins to Ibn Sina 

Nearly all traditional sources mention that 
the first Muslim physician was a Companion of 
the Holy Prophet, Harith ibn Kaladah, who had 
studied at Jundishapur and had carried out a 
discourse with the Sassanid king Anushirawan on 
questions of health. He later returned to Medinah 
where the Holy Prophet sent to him many patients 
for treatment. His son al-Nadr is also said to have 
been a physician. But despite this very early 
contact of Islam with schools of medicine of 
foreign origin, during the earliest period Arab 
Muslims themselves did not pursue this field and 
nearly all of the early physicians were either 
Christians, Jews or Persians. It was only after the 
establishment of Arabic as a major medical 
language and the penetration of medicine and its 
lore into the texture of everyday life that Arab 
Muslims became gradually drawn to this subject, 

Since Muslims had conquered both Jundi- 
shapur and Alexandria while they were both 
functioning as centres of medicine, especially the 
former being in fact at the height of its activity, 
competent physicians were available to them from 
the earliest years of the Islamic era. But the first 
translation of an Arabic treatise did not take place 
until the Umayyad period during the reign of the 
Caliph Marwan I when Masarjawayh, a Jewish 
physician from Basra, translated the Pandects of 
Ahron into Arabic. 

The establishment of Islamic medicine is 
related, however, to the city of Baghdad and the 


It has been translated along with the Tibb al-nabi of 
Chaghmini by C. Elgood, ‘Tibb-ul-Nabbi or Medicine 
of the Prophet, being a Translation of Two Works of the 
Same Name’, Osiris, vol. 14,1962, pp. 33-192, The text 
of al-Suyuti was also translated into Erench in the i3th/ 
I9th century; see A. Perron, La mĕdecine du prophĕte, 
Paris-Algiers, 1860. 
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Plate 108. The physidan, ‘Abdallah ibn Bukhtishu‘. 

transferofmajor medical iigures from Jundishapur 
to that city during the caliphate of al-Man§ur, 
Harun al-Rashid and al-Ma’mun. Chief among 
these hgures were members of the Bukhtishu* 
family. Jurjis ibn Bukhtishu* came to Baghdad 
during the reign of al-Man§ur albeit not per- 
manently while Jibra’il Bukhtishu' migrated to 
that city and established a medical practice, writ- 
ing many works on medicine and training students. 
Aided by the caliphs as well as by the Barmakid 
family, some of whose members were viziers, the 
Bukhtishu' as well as Masawayh and other 
families transferred the heart of the medical 
centre of Jundishapur to Baghdad which hence- 

34. Belonging also to this pehod and of much importance 
for the theoretical aspect of medicine are the writings of 
Jabir on medicine. However, they have not, as yet, been 
seriously studied from the medical point of view. See 
Sezgin, op. cit., pp. 211-223. 

35. Ibn Abi Ujaybi^ah mentions 42 medical works by him. 

36. See M. Meyerhof, ‘Die Augenheilkunde des Jubarma b. 
Masawaih’, Der Islam, vol. 6,1915, pp. 217-256. 

37. See M. Levey, ‘Ibn Masawaih and his Treatise on 
Simple Aromatic Substances’, Journal of tke History of 
Medicine, vol. 16,1961, pp. 394-410. 


forth became the most important medical centre 
in the world of that day.®^ 

During the second half of the 2nd/8th 
century the dominating medical figure of Baghdad 
was Yuljanna ibn Masawayh, whose father had 
emigrated from Jundishapur and gained fame as 
an ophthalmologist in Baghdad. Ibn Masawayh, 
known in the West as Mesuĕ Senior was the lirst 
Christian author to write independent medical 
works in Arabic and in fact was a prolific author.-^’ 
He was also a translator of Greek texts and is said 
to have rendered into Arabic some of the manu- 
scripts brought back by Harun al-Rashid after his 
battle against the Byzantines in Ancyra and 
Amorium. He was particularly well known as an 
ophthalmologist^* but also wrote in other fields of 
medicine as well as in pharmacology.” 

The foremost translator and also medical 
figure in Baghdad after Ibn Masawayh during the 
early decades of the 3rd/9th century was his 
student Hunayn ibn Ishaq, an Arab Christian 
with great mastery of Arabic, Greek and Syriac 
who, as already mentioned, is more than anyone 
else responsible for the high quality of translation 
of the work of the Greek masters of medicine, 
especially Hippocrates and Galen, into Arabic. 

It is important to note also that Hunayn 
not only translated individual texts but a whole 
medical curriculum, as The Alexandrian Sum- 
maries (Jawdmf al-iskanddrdniyyin) shows. He 
thus inAuenced directly not only the practice but 
also the teaching of medicine. Hunayn was also an 
accomplished physician and was the author of two 
basic works on ophthalmology: the Kitdb al-ashr 
magdldt fi’l-ayn (Ten Dissertations on the Eye) 
which is the oldest systematic treatment of the 
subject containing also diagrams of the anatomy 
of the eye, and the Kitdh aTmasd’il fifl-ayn (The 
Book of Questions Concerrting the Eye).^^ He also 
composed other inAuential works on general 

38. Numerous scholars, especially J. Hirschberg and M. 
Meyerhof, have studied Hunayn’s ophthalmology. See 
especially M. Meyerhof, ‘Die Lehre von Sehen bei 
Hunain b. Ishaq’, Archiv fur die Geschichte der Medizin, 
vol. 6 , 1913, pp. 21-33; and Meyerhof, The Book of the 
Ten Treatises on the Eye ascribed to Hunain, Cairo, 1928. 

A group of British scholars are now making a 
systematic study and translation of the Galenic and 
Hippocradc corpus in Arabic mostly associated with 
IJunayn and his school. See the competent translations 
of J. N. Mattock, M. C. Lyons and others in the Arabic 
Technical and Scientijic Texts series being published by 
Cambridge University. 
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medical themes and Ieft an indelible mark on the 
history of Islamic medicine. 

Hunayn’s contemporary in Baghdad, the 
philosopher al-Kindi, was also interested in 
medicine, and especially pharmacology, although 
he did not devote as much attention to the subject 
as did the later Peripatetics.^® Likewise the great 
astronomer of that period, Thabit ibn Qurrah, 
dealt to some extent in his writings with medicine 
and must have been an accomplished physician 
for in his Tadhkirah (The Treasury) which was 
later to become a standard text of medicine he 
described measles and smaIIpox before aI-Razi 
did.^" 

The first notable Muslim physician ap- 
peared also during the first half of the 3rd/9th 
century. ‘Ali ibn Rabban al-Tabari, whose family 
was converted to Islam, hailed from northern 
Persia but came to Baghdad. He is responsible for 
the Pirdaws al-hikmah {The Paradise of Wisdom) 
which is the first systematic Islamic work on 
medicine. AI-Tabari made full use of Syriac and 
Greek sources, apparently without the aid of the 
translations of Hunayn, and also of Sanskrit 
translations. His work contains not only chapters 
on general cosmological principles and all the 
branches of medicine, but also a special section 
devoted to Indian medicine. It is particularly 
known for its extensive treatment of anatomy.” 

Contact with original Greek and Syriac 
medical sources continued during this period, as 
seen in such a ligure as Qusta ibn Luqa, who 


39. The degree of al-Kindi’s knowledge and mastery of 
pharmacology can be gauged from his Agrdbddhin. See 
M. Levey, The Medical Pormulary or Aqrdbddhin of aT 
Kindi. Translated with a Study of its Materia Medica, 
Madison (Wisconsin) and London, 1966. Al-Kindi was 
also one of the iirst Muslim authors to write on the rela- 
tion between astronomy-astrology and medicine, a 
branch of the subject which became known later as aT 
tibb aTnujumi. 

40. See R. Y. Ebied, ‘Thabit ibn Qurra: Eresh Light on an 
Obscure Medical Composition’, Musĕon, vol. 79,1966, 
PP- 453 - 473 - 

41. See Meyerhof, “Ali ibn Rabban at-Tabari, ein per- 
sischer Arzt des 9. Jahrhunderts n. Chr.’, Zeitschrift der 
Deutschen Morgenlandischen Gesellschaft, vol. 85, 1931, 
pp. 38-68; Meyerhof, ‘Ali at-Tabari’s “Paradise of 
Wisdom”, one of the oldest Arabic compendiums of 
medicine’, Isis, vol. 16, 1931, pp. 6-54; and A. Siggel, 
‘Die indischen Bucher aus dem Paradies der Weisheit 


knew both Greek and Syriac and wrote numerous 
medical works, most of which have not been 
studied until now. But by this time the main 
medical heritage of the ancient world was already 
translated into Arabic and upon the foundation 
established by al-Tabari on the one hand and 
Hunayn on the other, Islamic medicine began its 
golden age. And this occurred almost immediately 
with the appearance of Muhammad ibn Zakariyya’ 
aI-Razi (Rhazes), considered by many to be the 
greatest of Muslim physicians, especially in the 
experimental and clinical aspects of medicine. 

He was born in Rayy, received his earliest 
education in that city, turned to music and 
alchemy early in Iife and only later to medicine. 
He came to Baghdad, where he headed the main 
hospital in the city and hnally returned to Rayy, 
where he died in 313/925.^^ Nothing is known of 
his medical education and in fact so much legend 
has surrounded him that it is diHicuIt to depict a 
distinct historical image of him.^® It is known 
that he had immense clinical experience, trained 
numerous students, wrote a great deal and had a 
mastery of many subjects from philosophy and 
psychology to alchemy and medicine. Although 
he has attracted many modern scholars with his 
philosophical works,^^ it is mostly as an alchemist 
and physician that his name has survived in 
Islamic history. 

The incomparable historian and scientist 
al-Biruni was so deeply interested in the writings 
of aI-Razi that he devoted years to collecting his 


iiber die Medizin’, Abhandlungen der Geistes-und- 
SozialwissenschaftlichenKlasseder Akademie der Wissen- 
schaft,u.d. Literatur,Nr. 14,1950,pp. 1097-1152. 

42. On his life, see Browne, Arabian Medicine, pp. 44-53; 
Walzer, Greek into Arabic, pp. 15-17; Elgood, A Medical 
History of Persia and the Eastern Caliphate, pp. i84ff; 
M. Mohaghegh, Filsuf-i rayy, Tehran, 1349 (A.H. 
solar); and P. Kraus, ‘Raziana E, Orientalia, vol. 4, 
I9355PP-300-334. 

43. We are of those who believe that the traditional legen- 
dary aspects of hgures such as Razi or Ibn Sina reveal as 
much and sometimes more about them than facts dis- 
covered through modern historical research relying 
solely upon texts concerning them. 

44. The pioneering work in this domain was accomplished 
by P. Kraus, followed by R. Walzer and A. Badawi and 
more recently M. Mohaghegh, L. Goodman and several 
other younger scholars. 
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works and then wrote a catalogue of them in 
which, of the 184 works listed, 56 are devoted to 
medicine and allied subjects.'*^ Of these, the most 
important is the immense encyclopaedia al-Hdwi 
{Continens) which was so celebrated in the Latin 
West.^® It is based upon al-Razi’s own daily clini- 
cal observations and is rich from the observational 
and experimental point of view rather than for its 
contribution to theory. A shorter and also famous 
work is the Kitdb al-mansuri{The Book of Mansur), 
again well known in the West as Liber medicinalis 
ad Almansorem. Other famous writings of al-Razi 
include the Kitdb tagsim al-ilal {The Book on the 
Division of the Causes of Disease - known in Latin 
as Liber divisionum), the Kitdb aTfakhri {The 
Splendid Book - Liber pretiosus) and, perhaps his 
most famous work in the West, the Kitdb al- 
jadari wa’Thasbah {Treatise' on Smallpox and 
Measles, famous in Latin as Liber depestilentia).*'^ 
The works of al-Razi cover nearly every 
aspect of medicine. The man who considered 
himself as the equal of Plato and Aristotle com- 
bined the medical heritage of Antiquity and his 
own powers of observation and deduction to 
discover many new maladies, propose new cures 
and point to new paths in the field of traditional 
medicine. He marks a major peak in Islamic 
medicine and his inAuence in the Islamic world 
and the West in nearly all branches of medicine is 
practically beyond measure.^* His fame through- 
out the past millennium is sufficient proof of his 
role in the history of Islamic and even Western 
medicine. 

Al-Razi’s successor on the philosophic 

45 - See al-Biruni, Epitre de Beruni contenant le rĕpertoire des 
ouvrages de Muhammad b. Zakariya al-Razi, Paris, 
1936; re-issued with a new introduction by M. Mohag- 
hegh, Tehran, 1974. On the writings of Razi, see also 
M. Najmabadi, Mu’allafdt wa musannafdt-i Abu Bakr 
Muhammad ibn Zakariyd-yi Rdzi hakim-i buzurg-i 
irdni, Tehran, 1339 (A.H. solar). 

46. As the research of A. Z. Iskandar, reAected in his doc- 
toral thesis at Oxford University, shows, there are two 
versions of this work. Iskandar has also revealed the 
great inAuence of this vast encyclopaedia upon Ibn Sina. 

47. Translated as late as the I2th/i8th century and pub- 
lished by J. Channing as Rhazes de Yariolis et Morbillis, 
London, 1766. 

48. On various aspects of Razi’s medicine, see O. Temkin, 
‘Texts and Documents, a Medieval Translation of 
Rhazes’ Clinical Observations’, Bulletin of the History 
of Medicine, vol. 12, 1942, pp. 102-117; Meyerhof, 


scene, Abu Nasr al-Farabi, was of much greater 
inAuence in the field of philosophy than al-Razi 
but not at all as much concerned with medicine. 
Al-Farabi did, however, show some interest in 
medicine, especially in its methods and principles 
and its place in the hierarchy of the sciences.^® He 
is also purported to have practised medicine 
especially when he was in Aleppo and Damascus. 

The most notable medical figure following 
al-Razi was another Persian, ‘Ali ibn al-‘Abbas 
al-Majusi from Ahvaz, known in the West as 
Haly Abbas. Al-Majusi is known particularly for 
his masterly compendium written in the 4th/ioth 
century, the Kdmil al-sindah known also as Kitdb 
al-maliki {The Perfection of the Art or The Royal 
Book), famous in Latin as Liber regius. This work 
stands in both size and content between al-Razi’s 
al-Hdwi and the Kitdb al-mansuri and is known 
both for its clear and logical treatment of the 
subject and its study of the history of medicine. 
Al-Majusi was the director of the famous ‘Adud 
al-Dawlah hospital in Baghdad and the book 
reAects a knowledge which comes not only from 
book learning but also from extensive personal 
experience.^“ 

The 4th/ioth and 5th/Tith centuries were 
the age of numerous medical authorities of the 
highest rank. While al-Majusi was dominating the 
field of internal medicine in the East, Andalusia 
produced the first of its great medical figures, 
Abu’l-Qasim al-Zahrawi (from Madinat al-Zahra’ 
of Cordova) whose name in its Latin form of 
Albucasis is practically as famous as in its Arabic 
form. Al-Zahrawi was the greatest of Muslim 

‘Thirty-three Clinical Observations by Rhazes (circa 
900 A.D.)’, Isis, vol. 23, 1935, pp. 321-356; P. de 
Koning, Trois traitĕs d’anatomie arabe, Leiden, 1903, 
pp. 2-89 (containing the anatomical section of the Kitdb 
al-mansuri)', and A. J. Arberry, The Spiritual Physik of 
Rhazes, London, 1950. 

49. On al-Farabi’s medical mterests, see M. Plessner, ‘Al- 
Parabi iiber Medizin, eine iibersehene und seine 
neuentdeckte Quelle’, XXI Congress Internazionale di 
Storia Medicina, 1970, pp. 1533-1539. Al-Farabi was 
also particularly interested in the therapeutic effects of 
music and wrote a treatise on the subject. 

50. On al-Majusi and his work, see de Koning, Trois traitĕs 
d’anatomie arabe, pp. 90-431; B. Ben Yahia, ‘Constan- 
tin rAfricain et 1 ’ĕcole de Salerne’, Cahiers de Tunisie, 
vol. 3, 1955, pp. 54-55; Ullmann, Die Medizin im 
Islam, pp. 140-147, where the content of the work is 
analyzed. 
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surgeons and the thirtieth section of his Kitdb al- 
tasrif(The Book of Concessions) or Concessio, which 
is a medical encyclopaedia, was the definitive 
guide for surgeons over the centuries. It gives the 
most systematic treatment of surgery in Islamic 
medicine, the text being accompanied with 
illustrations of the instruments used by al- 
Zahrawi.^’ The surgical part of al-Tasrif, which is 
the first illustrated surgical treatise, consists of 
three parts: the first on cauterization advised by 
prophetic tradition and suggested by al-Zahrawi 
for apoplexy; the second on operations performed 
with a scalpel and also operations of the eye as well 
as oral surgeryj and the third on various forms of 
bone fractures and dislocations, as well as on 
child delivery. The work of al-Zahrawi was also 
widely disseminated in the West thanks to the 
Latin translation of Gerard of Cremona and 
exercised much inAuence upon Italian and Prench 
surgeons and interest in it survived into the modern 
period.®^ 

This was likewise the period of major 
works on ophthalmology, the age of the most 
famous authority in Islam, ‘Ali ibn ‘Isa whose 
Tadhkirat aTkahhdlin (The Treasury of OphthaT 
mologists) occupied the same position in its field 
as that of al-Zahrawi did in surgery.^^ He was also 
the first person to propose the use of anaesthesia 
for surgery. There appeared at this time another 
celebrated oculist, ‘Ammar al-Mawsili (Cana- 
musali), who was bom in Mosul but Aourished in 
Egypt and like ‘Ali ibn ‘Isa also gained fame in the 
Occident.®^ Eurther west in Tunis, Isljaq ibn 
Sulayman al-Isra’ili (Isaac Judaeus) also practised 
ophthalmology in Qayrawan, and like his con- 
temporaries was translated into Latin and in his 
case also into Hebrew. Likewise it was at this time 
that Ibn al-Haytham was carrying out his impor- 
tant optical studies including ophthalmology to 


51. See K. SudholT, Beitrdge zur Geschichte der Chirurgie im 
Mittelalter, vol. II, Leipzig, 1918, pp. 16-84; P- de 
Koning, Traitĕ sur le calcul dans les reins et dans la 
vĕssie, Leiden, 1896; and the recent but somewhat less- 
than-perfect edition and translation of the text of al- 
Zahrawi by M. S. Spink and G. Lewis, Albucasis on 
Surgery and Instruments, A Definitive Edition of the 
Arabic Text with English Translation and Commentary, 
London, 1973. There is an earlier Prench translation 
by L. Leclerc, La Chirurgie d’Albucasis, Paris, 1861. 

52. The first modern edition goes back to the 1778 Oxford 
edition of the Arabic text with a Latin translation. 


which reference has been made already. 

The most illustrious figure of this period 
and Islam’s most famous physician was Abu ‘Ali 
ibn Sina, the ‘prince of physicians’, the Avicenna 
of Western Scholastics and physicians and one by 
whose name many people in the East call Islamic 
medicine to this day. Ibn Sina lived throughout 
his life in Persia. Born near Bukhara he wandered 
throughout his life over Persia going from one 
city to another, until he died of colic in Hamadan 
in 428/1037.®® He was self-taught in medicine and 
was already a famous physician by the age of 18. 
Access to the royal library of the Samanids, vast 
clinical experience and an intellectual power 
which has made of him the most inAuential and 
well known of all Muslim philosopher-scientists 
permitted Ibn Sina to systematize medicine in 
such a definitive manner that his works became 
dominant authorities in East and West for cen- 
turies to come and are still the main reference for 
the practitioners of Islamic medicine wherever 
they may be. 

Ibn Sina’s most famous medical work is 
aTQdnun fi'Ttibb {The Canon of Medicine) which 
is perhaps the most inAuential single work in the 
whole history of medicine, even including the 
writings of Hippocrates and Galen. Written in 
Arabic, it was translated later into Persian, 
Turkish, Urdu and other Islamic languages as 
well as into Hebrew, Catalan and Latin, the Latin 
translation being one of the most often printed 
works in the ioth/i6th century. It consists of five 
books as follows: 

1. General principles of medicine {al-kulliyydt in 
Arabic and Colliget in Latin) which includes 
the philosophy of medicine, anatomy and 
physiology, hygiene and the treatment of 
diseases. 

2. Simple drugs. 


53. Studied and translated by J. Hirschberg, J. Lippert and 
E. Mittwoch, Die Arabischen Augendrzte nach den 
Quellen bearbeitet, vol. I, Leipzig, 1904; and C. A. 
Wood, Memorandum of a Tenth-Century Oculist,for the 
Use of Modem Ophthalmologists, Chicago, 1936. 

54. Hirschberg, et u/., vol. II, Leipzig, 1905. 

55. A vast number of writings have been devoted to the life 
and works of Ibn Sina. For a synopsis and also a bib- 
liography of the subject, see Nasr, An Introduction to 
Islamic Cosmological Doctrines, chapter ri and biblio- 
graphy; Nasr, Three Muslim Sages, chap. I; also S. 
Afnan, Avicenna, His Life and Works, London, 1958. 
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3. Disorders of each intemal and external organ of 
the body. 

4. Illnesses which aIFect the body in general and 
are not limited to a single organ or limb. 

5. Compound drugs. 

Besides making extensive use of all the 
medical experience and knowledge of both 
Islamic and non-Islamic sources available to him, 
Ibn Sina also made many new observations of his 
own, including the discovery of meningitis, the 
manner 6f spread of epidemics, the contagious 
nature of tuberculosis, etc. He also made many 
discoveries in what is called psychosomatic 
medicine today. The Canon, as well as al-Hdwi 
and some of the other works of al-Razi, have in 
fact still much to reveal as far as their new contri- 
butions to the discovery and cure of various 
ailments are concerned. 

Ibn Sina also wrote numerous other works 
dealing with specihc medical subjects, some in 
Arabic and others in Persian. But perhaps the most 
widespread of his other medical works was his 
al-Urjuzah fi’l-tibb {Medical Poem) in which the 
principles of medicine are summarized in poetic 
form to facilitate their being memorized by 
medical students.®® But this work does not of 
course compete with the Canon which has been 
studied and commented upon by generations of 
physicians in both East and West.®^ 


56. See H. C. Krueger, Avicenna’s Poem on Medicine, 
Springheld, Illinois, 1963; H. Jahier and Abdelkader 
Noureddine, Avicenne, Poeme de la medecine, cantica 
Avicennae, Paris, 1956, which also contains the original 
Arabic text; also K. Opitz, ‘Avicenna Das Lehrgedicht 
iiber die Heilkunde (Canticum de Medicina)’, Quellen 
und Studien zur Geschichte der Naturwissenscha/ten und 
der Medizin, vol. 7,1940, pp. 304-374. 

As for the Canon, and the other medical works of 
Ibn Sina in general, the most important exposition is 
still that of O. Gruner already cited (note 12). There are 
also numerous more specialized studies dealing with 
specihc areas such as anatomy, gynaecology, etc. See 
Ullmann, op. cit., p. 153. 


Islamic Medicine 
after Ibn Sina 

After Ibn Sina, Islamic medicine gradually 
underwent a regional development while preserv- 
ing its basic unity. Of course ideas still travelled 
the width and breadth of the Islamic world but 
medicine came to possess enough of a local and 
regional character to make it possible to discuss 
its history in regions without doing injustice to its 
nature. This is possible, however, only if the 
underlying unity which binds the various parts of 
the Islamic world during the later centuries, 
despite external political divisions, is kept con- 
stantly in mind. For the sake of convenience the 
main regions where medicine developed from the 
middle of the 5th/iith century onward may be 
summarized as Iraq, Syria, Egypt and the 
adjacent areas; the Maghrib; Persia and India; 
and the Turkish part of the Ottoman world. 

Iraq, Syria, Egypt and adjacent lands 

In the Eastem Arab countries Baghdad 
continued to produce important physicians up to 
the 6th/i2th century although even until this date 
many of the most famous names belong to 
Christians such as Ibn Butlan and Ibn Tilmidh. 
In Egypt, serious study of medicine began with 
the Patimids, and the famous physicians al- 
Tamimi and al-Baladi were personal physicians to 
Ibn Killis, the Patimid vizier. Also during the 
reign of al-Hakim bi’ll^, ‘Ali ibn Ridwan 
Aourished in Cairo and from there carried out his 
famous correspondence and debate with Ibn 
Butlan which marks a highlight of medical con- 
troversy between two leading physicians in the 
Islamic world.^** 


57. There is unfortunately no complete translation of the 
Canon in any European language except Russian (by 
V. N. Ternovskii, et al.). But two translations are now 
being made simultaneously into English, that of M. H. 
Shah, which began earlier, and the one by a group of 
scholars under the direction of Hakim Muhammad 
Sa‘id. See Shah, The General Principles of Avicenna’s 
Canon of Medicine, Karachi, 1966. 

58. See J. Schacht and M. Meyerhof, The Medico-Philo- 
sophical Controversy between Ibn Butldn of Baghdad and 
Ibn Ridwdn of Cairo, Cairo, 1937. 
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With the building of new hospitals in 
Damascus and Cairo in the 6th, I2th century these 
cities and especially Cairo became centres of 
attraction for physicians from everywhere in- 
cluding Maimonides who journeyed all the way 
from Andalusia to settle in Cairo. Likewise, ‘Abd 
al-Latif al-Baghdadi, the 7th/ i3th century poly- 
math who also wrote on medicine and commented 
upon the Aphorisms of Hippocrates, left Baghdad 
to live in Cairo. 

Medical activity in Syria and Egypt be- 
came so closely interrelated in the 6th/i2th and 
yth/13th centuries that ‘Abd al-Rahim al-Dakhwar 
became the superintendent of the medical depart- 
ments of both provinces. His student Ibn ‘Abi 
Usaybi‘ah has been already cited for his contri- 
bution to the history of medicine, But his most 
important disciple from a purely medical point of 
view was ‘Ala’ al-Din ibn Nafis, at once philo- 
sopher, theologian and physician, who was en- 
titled ‘the second Ibn Sina’ and who worked in 
both Damascus and Cairo."*' Although Ibn al-Nafis 
has been celebrated throughout the Islamic world 
including Persia and India since his death in 
687'1288, it was only in 1924 that an Egyptian 
doctor, Muljyi al-Din al-Tatawi discovered that 
centuries before Servetus and Colomb,.;, Ibn al- 
Nafis had explained correctly the minor circu- 
lation of the blood. This was one of the most 
important discoveries in the history of medicine 
and made the name of Ibn al-Nafis celebrated in 
the West as the real predecessor of William Harvey 
rather than Servetus and Colombo who had been 
credited until then with the discovery of the minor 
circulation.*" Although the line of transmission is 
not clear, Servetus, Colombo and other Western 
writers may in fact have come to know of Ibn al- 
Nafis’s views through the translations of Andrea 
Alpago. 

Ibn al-Nafis wrote a major compendium 
entitled aTShdmil fi’l-sinctat al-tibbiyyah (The 
Comprehenswe Work on the Art of Medicine) which 
included a treatment of surgery, and which seems 
to have remained incomplete. He also wrote 

59. For his most famous theological work sec Meyerhofand 
Schacht, The Theologus Autodidactus of ibn aTNafis, 
Oxford, 1968. 

60. On the minor circulation of the blood, see Meyerhof, 
‘La dĕcouyerte de la circulation pulmonaire par Ibn al- 
Nafis, mĕdecin arabe au Caire (XIIIe siĕcle)’, Bulletin 
de 1 ’Institut d’Egypte, vol. 16, 1934, pp. 33-46; Meyer- 
hof, ‘Ibn al-Nafis (XIIIth cent.) and his Theory of the 
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RV Blood heated and rehned in right ventricle. 

LV Blood from lungs charged with air and "vital spirit'.' 


Plate 109. The minor circulation of the blood according to Ibn al-Nafis. 


Lesser Circulation’, Isis, vol. 23, 1935, pp. 100-120; 
A. A. Khalrallah and S. I. Haddad, ‘A Porgotten 
Chapter in the History of the Circulation of the Blood’, 
Annals of Surgery, vol. 104, 1936, pp. 1-8; and J. 
Schacht, ‘Ibn al-Nafis, Servetus and Colombo’, AT 
Andalus, vol. XXII, 1957, pp. 317-336. For a general 
study of Ibn al-Nafis, see A. Iskandar, ‘Ibn al-Nafis’, in 
Ch. Gillespie (ed.), Dictionary of Scientipc Biography, 
New York, 1969 on. 
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commentaries upon Hippocrates and Ibn Sina. 
As far as Ibn Sina is concerned, Ibn al-Nafis wrote 
the Kitdb mujiz al-qdnun {The Summary of the 
Canon) which became a very popular introduction 
to Ibn Sina and which was translated into Turkish 
and Hebrew. In this commentary he follows Ibn 
Sina’s views without proposing any new ideas on 
anatomy and physiology. He also wrote the Sharh 
tashrih al-qdnun (Commentary upon the Anatomy 
of the Canon) and Sharh al-qdnun (Cornmentary 
upon the Canon), and it is in these two works that 
he describes for the first time the minor circu- 
lation of the blood.®^ He also wrote a work on 
ophthalmology which has not as yet been studied. 

After Ibn al-Nafis his student Ibn al-Quff 
gained fame as a surgeon and wrote the Kitdb al- 
‘umdah fi sind‘at al-jirdhah {The Basic Work 
concerning the Art of Surgery) In twenty articles. 
He is also the first person to have pointed out 
clearly the existence of capillaries which were seen 
under a microscope for the first time by Malpighi 
in i66i. At the same time Shams al-Din al- 
Akfani was also Aourishing in Egypt. He is re- 
sponsible for a novel work on first aid entitled 
Kitdb ghunyat al-labib ‘ind ghaybat al-tabib {The 
Refuge of the Intelligent during the Absence of the 
Physician). He also wrote on ophthalmology. But 
by now the main centres of activity in the field of 
raedicine had moved east and north and it is mostly 
in the Turkish part of the Ottoman empire along 
with Persia and India where the most important 
scenes of the final chapter of the history of 
Islamic medicine were enacted. 


The Maghrib 

As far as the Maghrib is concerned the 
high level of medical practice and science estab- 
blished in Cordova by the 4th/ioth century con- 
tinued for the next few hundred years. In the 
5th/iith and 6th/i2th centuries the Ibn Zuhr 
(Avenzoar) family established itself as a leading 
medical family and the most famous among its 
members, Abu Marwan ibn Zuhr, composed 

6 1. Some people think that Ibn al-Nafis’s discovery was 
completely ignored by later Muslim writers. Such, how- 
ever, is not the case. Although some later anatomists 
ignored it and reverted back to the Galenic and Avicen- 
nian conceptions, others, like Sadid al-Din al-Kaziruni 
and ‘Ali ibn ‘Abdallah al-Masri, both in the Sth/i^th 
century, were aware of it. See Iskandar, op. cit. 

62. See M. Alonso Alonso, ‘Averroes observador de la 


the Kitdb al-taysir fi’l-muddwdt wa’Ttadbir {The 
Book Pacilitating the Study of Therapy and Diet) 
which is among the most celebrated products of 
Islamic medicine in Andalusia and which was 
translated into both Hebrew and Latin. Another 
of his well-known works is the Kitdb al-aghdhiyah 
(The Book of Diet) which again is among the best 
of its kind dealing with a subject which is so much 
emphasized in Islamic medicine. 

In the 6th/i2th century there appeared in 
Spain a group of men who were at once eminent 
philosophers and physicians. Ibn Tufayl, the 
author of the well-known Hayy ibn Yaqzdn 
{Living Son of the Awake), was a practising 
physician, and Ibn Rushd (Averroĕs), the most 
celebrated Islamic philosopher of Andalusia, also 
practised medicine and wrote commentaries upon 
Galen. He also composed an independent work on 
medicine, the Kitdb aTkulliyydt {The Book of 
General Principles - Colliget in Latin) which 
became famous in the West along with his 
philosophical works.®^ 

The Jewish physiciab and philosopher 
Abu ‘Imran Musa ibn Maymun (Maimonides) 
was a student of both Ibn Rushd and Ibn Tufayl 
and like them accomplished in both philosophy 
and medicine. In fact he was such a competent 
practitioner of the healing art that after emigrating 
to Egypt he became physician to Salah al-Din 
al-Ayyubi (Saladin) and his family. Maimonides is 
the author of, among other medical works, the 
Kitdb aTfusul {The Book of Aphorisms) as well as a 
work on hygiene dedicated to Afdal Nur al-Din 
‘Ali, the oldest son of Salah al-Din, and entitled 
Kitdb tadbir al-sihhah {The Regimen of Health).^'^ 
Like Ibn Rushd, Maimonides also wrote com- 
mentaries upon Galen. 

After these celebrated hgures, medicine 
gradually declined in Andalusia but survived in 
Morocco where it continues in certain quarters to 
this day. But perhaps the most outstanding con- 
tribution of the Maghrib to Islamic medicine was 
in the field of pharmacology to which we shall turn 
shortly. 

naturaleza’, Al-Andalus, vol. V, 1940, pp. 215-230. 

63. See Meyerhof, ‘L’oeuvre mĕdicale de Maimonide’, 
Archwio di storia della scienza (Archeion), vol. XI, 
1929, pp. 136-155; and Moses Maimonides, Two 
Treatises on the Regimen of Health, Fi Tadbir al-^ihha 
and Maqdlafi Baydn Ba^d al-A‘rdd, trans. and ed. by 
A. Bar-Sela, H. E. Hoff, et al, Philadelphia, 1964. 
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Persia and India 

The later medical history of Persia and 
India, even more than that of other regions, is 
dominated by Ibn Sina. A century after him, his 
yirulent critic in the field of philosophy, the 
Ash‘arite theologian, Pakhr al-Din al-Razi, com- 
mented upon the Canon and explained many of its 
difficulties. Al-Razi, who was probably the most 
learned of the theologians (mutakallimun) in the 
domain of the ‘intellectual sciences’, devoted a 
section to medicine in his scientific encyclopaedia, 
Kitab al-sittini (The Book of Sixty Sciences), and 
also began a large independent work on medicine 
entitled al-Tihb al-kabir (The Great Medicine) 
which was apparently never completed. He also 
wrote a Persian treatise on hygiene, the Kitdb 
hifz al-badan (Treatise on Preserving Bodily 
Health)}^ 

Likewise, in the 6th/i2th century, there 
appeared the first extensive medical encyclo- 
paedia in Persian modelled upon the Canon, the 
Dhakhira-yi khwdrazmshdhi (Treasury dedicated 
to the King of Khwdrazm) by Sayyid Zayn al-Din 
Isma‘il al-Husayni al-Jurjani.®® The work is 
without doubt the most important of its kind in 
the Persian language and second in inAuence only 
to the Canon in the Persian and Indian worlds. 
Besides its significance for technical medical 
terminology in Persian, it is one of the most 
systematic treatments of Avicennan medicine 
including pharmacology. Al-Jurjani also wrote 
other well-known medical works such as the 
Yddigdr-i tibb (Medical Memoranda) and Aghrdd 
al-iibb (The Aims of Medicine). Altogether, he is 
perhaps responsible more than any other figure 
for the perpetuation of the medical teachings of 
the early masters and especially Ibn Sina during 

64. Despite recent interest in this altogether neglected 
figure, most works composed concerning him during 
the past few years have involved his theology while his 
medical writings have been nearly completely neglected. 
On Fakhr al-Din al-Razi in general, see Nasr, 'Fakhr 
al-Din al-Razi’, in A History of Muslim Philosophy, 
vol. i,pp. 642-656. 

65. The Persian text of this large compendium is being 
edited in Tehran in two different versions, the lirst by 

I. Afshar and M. Danechepazhuh and the second by 

J. Mostafavi. The lirst is a more critical edition from the 
literary point of view, while the second is, perhaps, of 
greater medical interest, being edited by a scholar who 
is himself a physician well acquainted with both tradi- 
tional and modem medicine. For a study of this work, 
see A. Naficy, Les Pondements thkoriques de la mkdecine 
persane, d’aprks 1 ’encyclopkdie mkdicale de Gorgani, avec 


the later centuries wherever Persian has been 
spoken. 

After the Mongol invasion, despite the 
destruction of many centres of learning, medicine 
continued to be studied and taught. Qutb al-Din 
al-Shirazi, already noted for his major contri- 
butions to astronomy and physics, spent a life- 
time in studying earlier commentaries upon the 
Canon and travelled as far away as Cairo to see 
manuscripts of such works before writing his own 
al-Tuhfat al-sa‘diyyah (The Present to Sa‘d) 
which many consider to be the most thorough and 
profound commentary upon the Canon.®® Abu 
Hamid Muhammad al-Samarqandi composed at 
the same time the Kitdb al-asbdb wa’l-‘aldmdt 
(The Book of Causes and Symptoms) in which he 
discussed various diseases according to their 
causes and symptoms and proposed cures for 
each. He also wrote a treatise describing arthritis 
and its treatment. Major efforts to revise medical 
learning were also carried out at this time by 
Rashid al-Din Padlallah, the powerful but ill- 
fated vizier and physician of the Il-Khanids, who 
created a major university centre near Tabriz 
(the Rab‘-i rashidi) with special emphasis upon 
medicine, encouraged the writing of works on 
medicine by offering outstanding prizes to the 
best works and himself composed a medical 
encyclopaedia and even caused to be written the 
only known work on Chinese medicine in Islam, 
the Persian treatise Tanksukhndma-yi Ilkhdni dar 
‘ulum wa funun-i khatdH (The ITKhdnid Com- 
pendium Concerning the Sciences and the Arts of the 
Chinese) which is yet one more example of the 
great cultural and scientific exchange between 
Islam and China following the Mongol invasion.®^ 

un apergu sommaire sur Phistoire de la mkdecine en Perse, 
Paris, 1933. 

66. See Nasr, ‘Qutb al-Din al-Shirazi’, in the Dictionary of 
Scientipc Biography. 

67. On Rashid al-Din, who was also the author of the first 
world history Jdra'‘ al-tawdrikh, see the numerous works 
of J. A. Boyle and K. Jahn, as well as the Cambridge 
History of Iran, vol. 5, where his cultural significance is 
mentioned in many chapters. As for his work concem- 
ing Chinese medicine, see A. Adnan, ‘Sur le Tanksuk- 
name-i Ilkhani der Ulum-u-Fimun-i-Khatai’, Isis, vol. 
32, 1940, pp. 44-47; and A. Suheyl Unver and A. B. 
Golpinarli, Tansukndmei Ilhdn der fununu ulumu Hatai 
mukaddimesi (Universitĕ d’Istanbul, T.T.F. n. 14), 
Istanbul, 1939. The edition of the Persian text has been 
made by M. Minovi as Tibb-i ahl-i Khatd, Tehran, 
1350 (A.H. solar). 
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During the Il-Khanid and Timurid 
periods, other medical authors continued to appear 
in Persian. Najm al-Din Mahmud al-Shirazi pro- 
duced his al-Hdwi al-saghir {The Small Hdwi) 
Mowing the model of al-Razi in the 8th/i4th 
century. During the following centuries, medical 
education in Persia and Turkey developed close 
ties so that a person such as Ghiyath al-Din 
Muhammad al-Isfahani studied in both lands. 
He wrote his MiPdt al-sihhah {The Mirror of 
Health) in Persian but dedicated it to the Otto- 
man sultan. 

There was a revival of medical activity in 
the Safavid period with the re-establishment of 
political order and the encouragement to estab- 
lish schools and dispensaries.®® The foremost 
medical figure of the whole age, who lived in fact 
mostly before the Safavid period but survived 
into the reign of Shah Isma‘il, was Muhammad 
Husayni Nurbakhsh, known usually by his title of 
Baha’ al-Dawlah. He is the author of the Khuldsat 
al-tajdrib {The Quintessence of Experience) based 
on the style of al-Razi’s al-Hdwi. Baha’ al- 
Dawlah was himself an acute clinical observer and 
is credited with the first clear description of 
whooping cough and hay fever. Among other 
notable Safavid physicians may be mentioned 
Hakim Muhammad (iith/iyth century), earlier 
an oAScer in the Ottoman army who wrote the 
Dhakhira-yi kdmilah {The Perfect Treasury), 
which is the only Safavid work devoted solely to 
surgery. It is also necessary to mention the 
Dastur al-‘ildj {Rules of Treatment) of Sultan 
‘Ali Gunadi, the Risdlah dar tirydq {Treatise on 
Theriaca) of Kamal al-Din Husayni who hailed 
from Mahan and the famous and still popular 
iith/iyth cenmry work, the Tu}}fat al-mu’htinin 
of Mir Muhammad Zaman and his son which is 
concerned with pharmacy as well as medicine. 
As far as the spread of syphilis into Persia at this 
time is concerned, it is important to note the 
treatise of‘Imad al-Din on the disease, which the 
Persians called ‘Prankish fire’ {dtishak-i farangi). 
The disease was first observed by Baha’ al-Daw- 
lah, but the treatise of ‘Imad al-Din is the first to 


68. On the history of medicine during this period, see 
Elgood, Safavid Medicine', also M. Laignel-Layastine 
and J. Yinchon, ‘La medecine en Perse en XVIIe siecle’, 
Melanges lorga, Paris, 1933, pp. 465-485. 


deal with it thoroughly. His authority in medicine 
was, in fact, so great that his treatise continued to 
be used in Persia and India until modem times. 

From the reign of Nadir Shah onward, 
modem European medicine was introduced into 
Persia and the process became more accelerated 
during the Qajar period with the establishment of 
a new university {Ddr al-funun) in Tehran 
where modem medicine was taught. But in 
Persia, as in Egypt, Turkey and other lands of 
Westem Islam, the traditional system has con- 
tinued, although receding continuously before 
the spread of Westem medicine, and survives 
today mostly in such particular branches as bone 
setting, pharmacology and the like. 

As far as India is concerned, the history of 
Islamic medicine in that land is hardly separable 
from that of Persia because of the flow of a large 
number of Persian physicians, especially from 
Shiraz and Isfahan, to India from the 9th/i5th 
to the I 2 th/i 8 th century, as well as the common 
use of Persian as the primary scientihc language, 
especially in medicine, in the^two regions. There 
had been a gradual spread of the Islamic sciences 
including medicine into India from the yth/i^th 
century and even earlier in certain areas, such as 
the Punjab and Sindh, but the establishment of 
Islamic medicine on a large scale coincides with 
both the emigration of Persian physicians com- 
petent in this form of medicine, the availability of 
medical texts in Persian and, to a certain extent, 
the translations of medical works from Sanskrit 
into Persian, such as Tibb-i sikandari {The Medi- 
cine of Sikandar) dedicated to Sikandar Shah 
Lodi of Delhi. It was also at this time that Mansur 
ibn Faqih Ilyas wrote the already mentioned 
famous anatomical treatise in Persian, the Tash- 
rih-i mansuri {The Anatomy of Mansur), dedicated 
to the Muslim prince Pir Muhammad Bahadur 
Khan.«9 

During the Mogul period, especially from 
the time of Akbar onwards, the migration of 
notable Persian medical figures into India in- 
creased for a complex set of reasons of which the 
most important was the remarkable opportunities. 


69. See K. SudhoIT, ‘Ein Beitrag zur Geschichte der 
Anatomie in Mittelalter speziell der anatomischen 
Graphik nach Hdschr. des 9. bis 15. Jhdts.’, in D. 
Puschmann (ed.), Studien zur Geschichte der Medizin, 
vol. IV, Leipzig, 1908, pp. 52-73. 
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both economic and political, that existed for such 
hgures in India.^® Some of the most famous 
among these hgures are ‘Ayn al-Mulk, Amir 
Fath al-Din, Hakim Sadra and Pathallah Gilani 
who dominated the medical scene at Delhi and 
elsewhere within the Mogul empire. But the 
greatest of the Persian physicians at the Mogul 
court was probably Nur al-Din Muhammad 
Shirazi, author of the immense Tibb-i Ddrd 
Shukuhi (The Medicine of Ddrd Shukuh), whose 
manuscripts are usually richly illustrated. Even 
in the I2th/i8th century there were famous 
physicians who migrated from Persia to India, 
such as Muhammad Hashim Shirazi known as 
‘Alawi Khan who accompanied Nadir Shah back 
from India to Persia, but returned at the end of 
his life to die in India. 

There were, of course, also eminent 
teachers and physicians of completely Indian 
background, such as Mir Hajji Muhammad 
Muqim of Bengal and especially his son Muham- 
mad Akbar Arzani, who was the author of Tibb-i 
akbar (The Great Work on Medicine), as well as a 
commentary upon the Qdnunchah {The Small 
Canon) of Chaghmini. But it was especially after 
the I2th/i8th century that Muslim and even 
Hindu physicians from India itself came to the 
fore to continue the cultivation of Islamic medi- 
cine and to add a new chapter to its history.” 
During the I3th/i9th century, works on medicine 
began to be translated into or written in Urdu 
along with Persian, and to this day, Islamic medi- 
cine has been kept alive as a living tradition in 
India as well as Pakistan and Bangladesh. In fact, 
it is in these regions that Islamic medicine is most 
alive today. 


70. On the question of the general history of Islamic medi- 
cine in India see Elgood, Safavid Medical Practice, 
chap. 5, ‘The Emigrĕs’; M, Z. Siddiqi, Arabic and 
Persian Medical Literature, Calcutta, 19595 Chanpuri, 
H. K., ‘Medical developments in the Mughal period’, 
Hamdard Medical Digest, vol. 3, nos. 1-2, 1959, pp. 
177-190; and M. Z. Siddiqi, ‘The unani tibb (Greek 
Medicine) in India’, Islamic Culture, vol. 42, 1968, pp. 
161-172. 

71. In general, the history of Islamic science in India has 
been sadly neglected until now. This is especially un- 


f 

The Ottoman World 

Medical activity in the Turkish part of the 
Ottoman world was closely related to that of Persia 
until the pth/i^th century, after which it de- 
veloped its own distinct features, although works ( 
continued to be written mostly in Arabic and | 
Persian and the classical texts were taught / 
throughout the many hospitals and schools 
established by the Ottoman sultans.’^ In the 
9th/15th century, there appeared the first import- j 
ant Ottoman physician, Hajji Basha Khidr al- 
Ayidini who lived, however, in Cairo. He wrote 1 
the Kitdb shifd’ al-asqdm wa dawd’ al-dldm {The \ 
Book of the Cure of Sicknesses and Remedy of Pains) / 

with a summary which has been attributed by mis- J 
take by some to Ibn Sina. 

Another famous Turkish physician, Mu- 
hammad al-Qawsuni, was physician to Sultan I 
Sulayman I and Selim II and wrote a treatise on 
haemorrhoids, the Kitdb zdd al-masir fi "ildj | 
al-bawdsir {The Book of the Provision of the Way 1 , 
on the Cure of Haemorrhoids). The ioth/i6th I 
century also was witness to the activities of one / 
cf the foremost of the later figures in Islamic I 
science, Da’ud al-Antaki, originally from Anti- I 
och, who knew Greek and lived mostly in Damas- | 
cus and Cairo. His Tadhkirah uluU-albab wa’T | 
■ jdmi'' Wl-ajab al-ujdb {The Treasury of the | 
People of Understanding and Compendium of the I 
Wonder of Wonders) deals with medicine and |, 
pharmacology and is among the most important | 
of later Islamic medical works. 

From the iith/iyth century onward the 1 
inAuence of European medicine began to make | 
itself felt in Turkish sources. This is seen for the / 
first time in the Ghdyat al-itgdn fi tadbir badan i 
al-insdn {The End of Perfection concerning the 1 
Regimen of the Body of Man) by Salih ibn Sallum, l 
physician of Sultan Mehmet IV. The fburth | 
part of this work is entitled 'al-Tibb al-jadid al- | 
kimiyd’i alladhi ikhtara‘ahu Bardkalsus {The New 1 

fortunate in the case of medicine and pharmacology ( 
because of the vast amount of acti^ity-that has been / 
carried out in that region in this field during the past | 
five centuries. i 

72. On the history of medicine in Ottoman Turkey, see A. | 
Suheyl Unver, Umumi Tib Tarihi: Bazi Resimler ve | 
Vesikalar (Allgemeine Geschichte der Medizm; einiger | 
Bilder und Dokumente) (Turkish and German), Istan- | 
bul, 19435 also his ‘The Origins of the History of | 
Turkish Medicine’, Hamdard Medical Digest, vol. 3, | 

nos. 1-2,1959, pp. 121-138. I 
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Alchemical Medicine which was lnvented by Para- 
celsus)' where the European medicine of the 
Renaissance is described based mostly on Para- 
celsus who is called ‘the chief of masters of this 
art’ {ra'is arbdb hddhihri-sind^ah)^^ The inAuence 
of Paracelsus was further spread by Hasan 
Efendi and ‘Ali Efendi within the Ottoman 
world, and this marked the beginning of the 
inAuence of Western medicine which, after a lull 
during the I2th/i8th century, increased to full 
force in the i^th/i^th century, leading to the 
nearly total replacement of traditional medi- 
cine by the modern European system, a system 
that had, by now, moved completely away from 
the traditional principles still found in Paracelsus. 


Pharmacology 

Theory and Sources 

The sources of pharmacology, concerning 
both simple and compound drugs, are hardly 
separable from those of medicine and, as seen 
already, many medical works contain sections 
devoted to drugs.’* The theory underlying 
pharmacology is also inseparable from that of 
medicine. Each drug possesses natures with vari- 
ous degrees of intensity and is prescribed for a 
particular malady in the light of the type of 
nature and the degree of intensity of that nature 
needed to re-establish the equilibrium of the 
humours. The use of drugs is, therefore, jelated 
both to the nature of the drug in question and the 
temperament of the patient. Moreover, the 
administration of drugs is based on long ex- 
perience and observation. Islamic pharmacology 
is the depository of the experience and observa- 
tion of countless generations of human beings 
extending over aeons of prehistory. It seems 

73. See P. Richter, ‘Paracelsus im Lichte des Orients’, in 
Archiv fur die Geschichte der Naturwissenschajten und der 
Technik, vol. 6,1913, pp. 294-304. 

74. Of course, pharmacology is also closely related to botany 
since most of the drugs used in Islamic medicine are of a 
herbal nature. It is also related to alchemy in many ways, 
and, as far as the use of animal derivatives as medica- 
ment is concerned, even to zoology. 


even from the empirical point of view absurd 
that such a wealth of knowledge acquired 
through experience and observation should be so 
easily discarded by many, even when there is a 
clear choice, in favour of drugs the ill-effects of 
many of which have not even been tested and 
which are often forced upon the public without a 
close study of their long-term consequences for 
the human body as a whole. 

Putting aside the question of the theory of 
the natures and humours and degrees of intensity 
of the natures included in the properties of each 
drug, all of which are closely related to the 
Galenic medical theories, the actual knowledge 
of medicaments inherited by Muslims from 
earlier sources is much more dependent upon 
Persian and Indian sources than is the case in 
other branches of medicine. The Sassanids 
already possessed an extensive knowledge of 
various drugs, especially herbs, and there are 
even Pahlavi pharmacological terms in Greek. 
Likewise, Indian medicine had had access to a 
very rich world of herbs a§, well as minerals used 
for medicaments very diflferent from that of the 
Greeks. Indian medicine made special use of 
various poisons and perfumes as drugs in addi- 
tion to the usual herbal and mineral substances."’’ 
Islamic pharmacology was heir to this rich 
ancient Persian and Indian tradition as well as to 
the tradition of the Graeco-Alexandrian school. 
Throughout its phases of later development also 
the Islamic pharmacopoeias continued to list 
many drugs such as camphor and tamarind not 
seen in the Greek sources, if for no other reason 
than that Muslims had access to other sources and 
also lived in regions whose flora and fauna were 
not known to the classical Greek sources. 

Nevertheless, the most important source 
for Islamic pharmacology is without doubt 
Dioscorides, whose manuscripts in Arabic, like 
the Greek, were among the first to be illustrated. 
His Materia Medica was translated into Arabic 
in the 3rd/9th century by I§tafan ibn Basil and 
Hunayn ibn Ishaq under the title of Kitdb 

75. The pre-Islamic Arabs also made use of poisons in the 
treatment of illnesses, but the importance of both 
poisons and perfumes in Islamic medicine is related 
most of all to Indian medicine - particularly the famous 
Kitdb al-shdndg - and in the case of perfumes also to a 
certain extent to ancient Egypt. See Ullmann, Die 
Medizinim Islam, pp. 313-342; alsoWiedemann, ‘Uber 
Parfums und Drogen bei dem Arabern’, Aufsdtze . . ., 
vol. II, pp. 415-430. 
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Plate iio. Dioscorides handing over the fabulous mandragora to one of his disciples. 
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al-hashdHsh fi hayuldd-tibb and rapidly became 
the main reference for pharmacologists.^® Its 
inAuence is already to be seen in the Pirdaws al- 
hikmah of al-Tabari and is quoted in al-Hdwi. It 
was translated into Persian as early as the 4th/ 
loth century by Husayn ibn Ibrahim al-Natili 
and translated again into Arabic by Mihr^ ibn 
Man?ur al-Masilji in the 6th/i2th century. 
Besides the dominating inAuence of Dioscorides, 
the pharmacological treatises of Galen, Paul of 
Aegina and other Graeco-Alexandrian authors 
were also known to Muslims and translated into 
Arabic along with Sanskrit and Pahlavi te^ts, 
thus setting up the background for the rise of 
Islamic pharmacology as an independent school. 


Pharmacognosy 

Islamic sources always distinguish be- 
tween simples and compounds, the mufraddt and 
murakkabdt of the classical Islamic sources, the 
first dealing with drugs in their natural and 
simple state, or pharmacognosy in contemporary 
terms, and the second with drugs as they are 
usually understood today, and which were, in 
most cases, discussed under the heading of 
aqrdbddhin. In the light of this traditional divi- 
sion, these two parts of pharmacology will be also 
treated here separately, starting with pharma- 
cognosy. The first Arabic work on pharma- 
cognosy actually preceded the translation of 
Dioscorides, for already in the 2nd/8th century 
Masarjis had written the Kitdb quwaU-‘aqdqir wa 
mandfi'ihd wa maddrrihd {Treatise on the Power of 
Drugs, their Benefits and Ill-Effects) followecl 
early in the 3rd/9th century by Tsa ibn Sihar- 
bakht, a student of Jurjis ibn Bukhtishu‘, who 
wrote the Kitdb ^uwa^l-adwiyat al-mufradah {The 
Book of the Powers of Simple Drugs). A treatise 
by the title of Kitdh al-adwiyat al-mufradah 
{The Book of Simple Drugs) exists in the Jabirean 

76. See the monumental study of C. Emilio Dubler and E. 
Terĕs, La ‘Materia Mĕdica’ de Dioscdrides. Transmis- 
sion medievaly renacentista, voL II: La versi 6 n arabe de 
la ‘Materia Mĕdica’ des Dioscorides {texts, varientes ĕ 
indices), Tetuan and Barcelona, 1952-1957; also Meyer- 
hof, ‘Die Materia Medica des Dioskorides bei den 
Arabern’, Quellen und Studien zur Geschichte der 
Naturwissenschaften und der Medizin, vol. 3, 1933, pp. 
280-292. There have appeared a series of works by S. 
Hamarneh on the inAuence of Dioscorides and, in fact, 
the whole history of Islamic pharmacology. See, for 


corpus and a work of the same title by Hunayn 
ibn Ishaq includes a set of questions and answers 
on simples. Moreover, general medical and 
agricultural works which appeared during the 
3rd/9th century, such as the writings of Ibn 
Wahshiyyah, al-Tabari and al-Razi include ex- 
tensive sections on drugs. The al-Hdwi mentions 
829 drugs and their properties arranged alpha- 
betically, while al-Razi also wrote other indepen- 
dent works on this subject. 

The first treatise in the Persian language 
on medicaments, noted for its philological rather 
than medical importance, is the Kitdb al-abniyah 
'an haqd'iq al-adwiyah {The Book of the Punda- 
mentals of the Properties of Remedies) of Abu 
Man§ur Muwaffaq written in the 4th/ioth cen- 
tury.” It marks the beginning of a long tradi- 
tion of pharmacological works in Persian which 
has spanned a millennium to the present day. 
During the 4th/ioth century, also, important 
works continued to be composed in Arabic, 
including the first treatises on the subject to 
appear in Spain, the Kitdb dl-jdmi‘ bi aqwdl al- 
qudamd’ wad-muhaddithin min al-atibbd’ wa’l- 
mutafalsafin fi’l-adwiyat al-mufradah {The Com- 
prehensive Book on the Views of the Ancients and 
the Moderns among Physicians and Philosophers 
concerning Simple Drugs) by Abu Bakr ibn 
Samghun of Cordova in which drugs are alpha- 
betically arranged, and the commentary of Ibn 
Juljul upon Dioscorides as well as his treatise on 
those drugs which are not mentioned by Dio- 
scorides. Al-Zahrawi also devoted a good part of 
his aTTasrif to plants and drugs. 

As for the East, during this same period 
there appeared the well-known work of the 
Palestinian Abu ‘Abdallah al-Tamimi, the Kitdb 
al-murshid fi jamdhir al-aghdhiyah wa quwa’Tmu- 
fraddt min al-adwiyah {The Book of Guidance on 
the Precious Substances of Diet and the Powers of 
Simple Drugs), important both for diet and 
pharmacology, and the Kitdb aTi‘timdd fi’T 

example, his ‘Sources and Development of Arabic 
Medical Therapy and Pharmacology’, Sudhojjs Archiv, 
vol. 54, 1970, pp. 30-48; and his ‘Origins of Arabic 
Drug and Diet Therapy’, Physis, vol. II, 1969, pp. 267- 
286. On Islamic pharmacology and its roots see also 
Wiedemann, ‘Uber von dem Arabem benutzte Drogen’, 
Aufsdtze ..., vol. II, pp. 230-274. 

77. See Abu Mansur, Die pharmakologische Grundsdtze des 
Abu Mansur Muwajjak bin Ali Harawi ubersetzt von 
Abdul-Chalig Achundow aus Baku, Halle, 1893. 
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adwiyat aTmufradah (The Book of Confidence 
concerning Simple Drugs) in which Syriac, Per- 
sian and Arabic equivalents are given for drug 
names and where emphasis is placed upon the 
‘occult’ properties of drugs. This work was 
translated by Stephanus of Saragossa into Latin 
and was inAuential in the West. There were also, 
of course, at this time the major medical compen- 
dia, especially those of al-Majusi and Ibn Sina 
with sections concerning drugs. As already men- 
tioned, the second book of the Canon is devoted to 
a detailed discussion of simples, and the powers 
and qualities of drugs are listed in charts.^** 

Perhaps the most valuable Islamic work 
on pharmacology is again, as in so many other 
helds, written by al-Biruni, in this case his 
Kitdb aTsaydalah (The Book of Drugs), which he 
wrote in Arabic and which was translated into 
Persian by Abu Bakr ^l-Kashani. This work, 
which is a fruit of the last years of al-Biruni’s life, 
is a vast compilation of pharmacological know- 
ledge concerning 850 drugs drawn from every 
conceivable source with names of drugs given in 
several languages including Greek, Syriac, San- 
skrit, Arabic, Persian and occasionally Khwaraz- 
mian, Soghdian and the like. It has always been a 
veritable challenge to scholars and perhaps for 
this reason neither the Arabic nor the Persian 
text has been, as yet, printed in a critical 
edition.’^ 

Al-Biruni set the model for later works of 
pharmacology. A century later Ibn Jazlah was to 
compose a similar work arranged alphabetically, 
but not as extensive as that of al-Biruni. Mean- 
while, the centre of activity in this field shifted to 
the Maghrib, which has produced some of the 

78. This part of the Canon was translated and commented 
upon separately by Yopisco Portunato Plempio in the 
iith/iythcentury. 

79. See Meyerhof, ‘Etudes de pharmacologie arabe tirĕes de 
manuscrits inĕdits. I. Le livre de la diagnosie d’Abu’r- 
Rayhan al-Bĕruni’, Bulletin de l’Institut d’Egypte, vol. 
22, 1940, pp. 133-152; Meyerhof, ‘Das Yorwort zur 
Drogenkunde des Bĕruni’, Quellen und Studien zur 
Geschichte der Naturzvissenschaften und der Medizin, vol. 
3, 1932, pp. 1-47; F, Krenkow, ‘The Drug Book of 
Bĕruni’, Islamic Culture, vol. 20, 1946, pp. 109 ff. 
Recently a translation of the work into English has been 
made by a group under the direction of Hakim Muham- 
mad Sa‘id as Al-Biruni’s Book on Pharmacy and 
Materia Medica, Karachi, 1973. The second volume of 
this work is to contain the commentary by S. Hamarneh 
upon the text. 


greatest Islamlc pharmacologists. In the 6th/i2th 
century, the Jewish druggist Yusuf ibn Ishaq 
ibn Biklarish from Almeria wrote the Kitdb al- 
mustaHni (The Book of Seeking Assistance), which 
contains a theoretical discussion of pharmacology 
as well as synonyms of names for plants in Arabic, 
Persian, Greek, Syriac, Latin and Spanish.**'’ 
Nearly at the same time, Abu’l-Salt and Ibrahim 
al-Maghribi al-‘Ala’i, again from the Maghrib, 
wrote on simple drugs. Also the celebrated Anda- 
lusian philosopher Ibn Bajjah (Avempace) wrote 
in collaboraiion with Abu’l-Hasan al-Andalusi 
the Kitdb al-tajribatayn 'ald adwiyat ibn Wdfid, 
{The Book of the Two Experiences concerning the 
Drugs of Ibn Wdfid) which is itself lost, but which 
is known through citations by Ibn al-Baytar. 

The 6th/i2th century also witnessed the 
appearance of the Kitdb al-adwiyat aTmufradah 
(The Book of Simple Drugs) of Abu Ja‘far al- 
Ghafiqi, which is exceptional for its accurate 
descriptions and richness of information and is 
considered by many as the most notable Islamic 
work on simples, especially as far as herbals are 
concerned.'*^ This work exercised a deep in- 
Auence upon the works of Ibn al-Baytar, the 
foremost of Islamic botanists, and at the same 
time the great systemati^er of pharmacological 
knowledge. Diya’ al-Din ibn al-Baytar was born 
in Malaga and spent his early life in Andalusia, 
but, like so many of his compatriots of that day, 
set out for the East and hnally settled in Damascus 
where he died in 646/1248. Besides writing a 
commentary upon Dioscorides, Ibn al-Baytar 
composed the Kitdb aTmughni fi’Tadwiyat al- 
mufradah {The Independent Treatise concerning 
Simple Drugs) which lists some 1400 drugs of 

80. Several studies have been devoted to him by H. P. J. 
Renaud, including, ‘Trois ĕtudes d’histoire de la 
mĕdecine arabe en Occident’, Hesperis, vol. 10, 1930- 
1931, pp. 135-150. 

81. See Meyerhof, ‘tJber die Pharmakologie und Botanik 
des Ahmad al-Ghafiqi’, Archiv fur Geschichte der 
Mathematik, der Naturwissenschaften und der Technik, 
vol. 13, 1931, pp. 65-74; 3lso Meyerhbf and G. P. 
Sobhy, The Abridged Version of the ‘Book of Simple 
Drugs’ of Ahmadibn Muhammadal-Ghdfiqi by Gregorius 
Abu’l-Farag (Barhebreus), edited from the Only Two 
Known Manuscripts, The Egyptian University, The 
Eaculty of Medicine Publication No. 4, Easc. 1-3, 
Cairo, 1932,1933,1938. 
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animal, plant and mineral origin. The work 
marks a summit in its own field and is the most 
inAuential Islamic work on the subject, both 
within and outside the Islamic world, its influ- 
ence having even reached Armenia. Like so many 
other works in the field, it is a basic work on 
botany as well and also pertains directly to the 
question of diet. 

From the yth/i^th century onward, works 
on pharmacology continued to appear in both the 
Ottomah and the Persian-Indian worlds based 
mostly on the earlier masters. As far as the 
Ottoman world is concerned, in the Sth/i^th 
century Ibn Jazlah was translated into Turkish. 
In the 9th/i5th century, Abu’l-‘Abbas al-Hasani 
(known as Sharif al-Saqilli) from Tunis wrote 
the Kitdb al-atibbd’ {The Book of Physicians) 
which is concerned with drugs, followed by 
al-Qasim al-Ghassani, the Moroccan pharma- 
cologist, and the author of the Hadiqat aTazhdr 
fi sharh mdhiyyat al-ushb wa’l-aqqdr {The Gar- 
den of Plowers on the Commentary upon the 
Essence of Plants and Drugs). As already men- 
tioned, the Tadhkirah of Da’ud al-Antaki con- 
tained a major section on drugs. In the iith/ 
lyth century Madyan al-Qawsini continued this 
tradition by composing the Qdnun al-atjbbd’ wa 
ndmus al-ahibbd’ {The Canon of Physicians and 
Laws of Priends) while in the I2th/i8th century 
‘Abd al-Razzaq al-Jaza’iri again from the Maghrib 
wrote the Kitdb kashf al-rumuz {The Book of the 
Unveiling of Symbols) basing himself mostly on 
Ibn Sina, Ibn al-Baytar and Da’ud al-Antaki. 
The practice of traditional pharmacology, more- 
over, has continued, especially in Egypt and 
North Africa, to this day, despite the spread of 
modern medicaments into this whole region 
since the last century.*® 

As for Persia and India, most of the 
hgures already cited in conjunction with medicine 

82. This monumental work has been translated into both 
Prench and German. See L. Leclerc, Traitĕ des simples 
par Ibn el-Beithar, Notices et Extraits des Manuscrits de 
la Bibliothĕque Nationale, vols. XIII, i; XXV, i; XXVI, 
i,Paris, 1877,1881, i883;and J. vonSontheimer, Grosse 
Zusammenstellung uber die Krd/te der bekannten ein- 
/achen Heil- und Nahrungsmittel, vols. I and II, Stutt- 
gart, 1840,1842. 

83. Also in laraway regions such as the Yemen, tradi- 
tional pharmacology has continued in full force to the 
present day. There is a long tradition of studies on 
pharmacology in this region. In the 8th/ i^th century al- 
Malik al-Afdal al-‘Abbas ibn Yusuf of the Rasuli 
dynasty of the Yemen had written the Kitdb aTlum‘at 


were also concerned with pharmacology. Ghiyath 
al-Din Shirazi’s Kitdb al-shdmil includes major 
sections on drugs. The medical works of the 
Safavid peiiod, which has been called ‘The 
Golden Age of Pharmacology’ by Elgood, also 
abound in studies of drugs. The Tibb-i shdJiU 
{The Shdf¥i Medicine) of Muzaffar al-Husayni®* 
and the Tuhfat al-mu’minin written in Persia 
and the aTAlfdz al-adwiyah of ‘Ayn al-Mulk 
composed in India are outstanding examples of 
pharmacological studies of this period contained 
in works which include medicine in general. 
It is of interest to mention also here the treatise 
written by Abu’l-Fath Gilani, another Persian 
emigrant to India in the ioth/i6th century, 
on the qalydn, or waterpipe, and the new drug 
which had just invaded the East, namely tobacco. 
This treatise is of interest in that it is the origin 
of the various forms of the waterpipe used today 
throughout the Islamic world. In Persia and 
especially India, pharmacology and its related 
fields have continued in use jo this day more 
strongly than any other 'field of traditional 
medicine and many of the works here mentioned 
continue to serve both professional druggists and 
those experienced individuals who administer 
some of the simpler medicaments themselves for 
their lamily and friends. 

The Compound Drugs 

As far as compound drugs are concerned, 
they were usually treated in Islamic sources in the 
catalogue or listing of drugs which came to be 
known in Islamic languages as aqrdbddhin (from 
the Greek ypafibiov meaning ‘list’ of drugs or a 
pharmacopoeia). In this field the inAuence of 
Galen was particularly strong. In the 3rd/9th 
century two aqrdbddhins appeared, one by Sabur 
ibn Sahl of Jundishapur and the other by the 
philosopher al-Kindi.**® Likewise, al-Razi pro- 

al-kdfiyah fi’Tadwiyat aTshdfiyah {The Book of Suf- 
ficient Light on Curing Drugs) based on the Canon of Ibn 
Sina. Both a written and a popular tradition on this sub- 
ject have continued in the Yemen ever since but have 
been ignored until now and need to be fully studied. 

84. This work is the primary source of Fr. Angelus’s 
Pharmacopoeia Persica, written in the iith/iyth cen- 
tury, which is the lirst Westem study of Persian phar- 
macology. The Gazophylacium Persarum of Angelus is 
also based on the Tibb-i shdfi‘i. 

85. See M. Levey, The Medical Eormulary or Aqrdbddhin of 
al-Kindi. 
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duced a greater and a lesser Aqrdbddhtn, both 
translated by Gerard of Cremona into Latin. 
There is also a Latin work on this subject attrib- 
uted to Johannes Mesuĕ, who is not Yuhanna ibn 
Masawayh but may be Maswayh al-Maridini who 
wrote on drugs at that time. 

The Canon is as important for its aqrdbd- 
dhin as it is for its simples and its fifth book has 
served as reference for questions pertaining to 
compounds to this day.“'* But in compounds, as in 
simples, the works of Ibn Sina and al-Razi were 
not the end but rather served as models for later 
works, such as the 6th/i2th century treatises of 
Ibn al-Tilmidh, of Muhammad ibn Bahram al- 
Qalanisi - the most comprehensive work of its 
kind incorporating all the earlier sources - two 
important pharmacopoeias by Najib al-Din al- 
Samarqandi,'*' and the Kitdb minhaj al-dukkdn 
{The Open Road to the Store) which is nearly as 
comprehensive as the Aqrdbddhin of al-Qalanisi. 
Later works such as the Tibb-i shdfi‘i which is also 
called Qardbddin-i shdJiT (The ShdJiT Pharma- 
copoeia), the TuhJat al-mu'minin and the Qard- 
bddin-i qddiri {The Qddiri Pharmacopoeia) of 
Muhammad Akbar Arzani, the first two written 
in Persia and the second in India, are also impor- 
tant works on the subject and bring the stuuv of 
the subject down to the period of the spread of 
Western medicine and pharmacology in the 
Islamic world. 


Islamic Medicine Today 

The brief survey of Islamic medicine 
presented here conveys to some degree the extent 
to which Islamic medicine is related to the tradi- 
tional pattern of life of the Muslim peoples (and 
even religious minorities living among them). It 
also shows the long tradition of the study of 
medicine in the Islamic world and the remarkably 
wide basis upon which this medical tradition is 
established, a foundation which includes practi- 
cally the whole medical knowledge of the civiliza- 
tions preceding Islam, excluding those of the Far 
East. Pinally, the continuous weakening of tradi- 
tional medicine before the onslaught of the spread 

86. See J. von Sontheimer, Zusammengesetzte Heilmittel der 
Araber. Nach dem JunJten Buch des Canons von Ebn Sina 
aus dem Arabischen iibersetet, Preiburg, 1845. 



Pigure 85. A chicken being sacrihced to cure a snakebite. 


of modem Western medicine in the last two 
centuries is seen in most parts of the Islamic 
world. As a result, today, except for the sub- 
continent of India where traditional Islamic 
medicine and pharmacology continue on an 
intellectual level as well as on a popular one, in the 
heartland of the Islamic world where most of this 
medicine was cultivated and taught during the 
classical period - in such lands as Persia, Iraq, 
Syria and Egypt - only a few branches such as 
pharmacology and certain dietary habits continue, 
while the medical schools have become com- 
pletely dominated by Westem medicine and these 
countries converted into a market for the sale of 
W estern-produced or, at least, W estern-originated 
pharmaceuticals. 

Strangely enough, just when the victory of 

87. These are thc al-Qardbddhin '’ald tartib al-'ilal {The 
Medical Eormulary according to the Order of Illnesses) 
and the Kitdb usul tarkib al-adwiyah translated by M. 
Levcy and N. al-Khaledy and already cited (note 39). 
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Plate III. Materia medica used in comemporary Islamic medicine. 


Westem medicine seemed complete, rumours 
began in the Westem world itself about the short- 
comings of Westem medicine and especially 
pharmacology. Despite their remarkable suc- 
cesses, practitioners of this medicine still cannot 
cure either a simple headache or a rheumatic pain 
better than did the masters of old. Certain repu- 
table Westem physicians began to search for 
other systems. Acupuncture spread rapidly in 
certain circles as did schools related to the Hip- 
pocratic-Galenic tradition. New interest is being 
shown in the use of herbs as medicaments. As a 
result, a greater degree of attention is being paid 
to Islamic medicine, combined with even more 
serious attacks upon the practice of Western 
medicine, leading to such recent ‘iconoclastic’ 
works as that of I van Illich.**** 

This situation in the West, the source of all 


the ‘officially’ accepted medicine in most Islamic 
countries, has now become combined with a new 
socio-economic problem. The process of moder- 
nization has caused many Muslim governments to 
seek to provide medical coverage for all their 
citizens, but both the rapid rise of population and 
the exorbitant cost of training physicians in the 
Western type of medical school, even if these 
graduates were not to wind up ultimately in 
Europe and America, make such a programme 
impossible. Moreover, medical care has become 
much worse in certain areas where the old 
f}akms have died out without anyone taking 
their place. There has, therefore, been a conscious 
effort in certain countries, such as Persia, to 
bring back traditional medicine in combination 
with programmes for the spread of rural medicine, 
although probably the inhabitants of cities are 


88. We have especially in mind the thoroughly documented 
work of Illich, Medical Nemesis, London, 1974. 
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much more in need of it. Likewise, there is a 
notable rise in the use of traditional drugs 
wrapped and packaged in new forms.*® 

In conclusion, it can be said that Islamic 
medicine is fully alive in Pakistan and Bangla- 
desh and among the Muslims of India, partly 
alive in the rest of the Islamic world in its 
popular and folk aspect and making a ‘comeback’ 
in certain areas where it has been on the defensive 
for a long time. Moreover, it is attracting even 
greater attention in the world at large as a vast 
treasury of medical wisdom and experience 


containing not only the fruit of the thought and 
experience of the Muslim physicians, but also 
all that Islam inherited from the ancient world. 
Islamic medicine is, despite everything, still a 
living tradition, still able to teach a great deal in 
helds as far apart as pharmacology and psychoso- 
matic medicine to a humanity that has divorced 
the soul from the body and in its attempt to 
prolong man’s earthly journey has almost de- 
stroyed the very equilibrium which has made 
this journey possible over the ages. 


89. In Pakistan and India, such institutions as the Hamdard 
of Delhi and Karachi have been active in the field for 
decades, but in other places, such as Persia, making 
traditional drugs available in modem chemists’ shops as 
well as the traditional ‘attdrin is a very recent pheno- 
menon. 
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Chapter IX 

Alchemy 

and Other Occult Sciences 


The Occult Sciences in Islamic Civilization 

Besides the ‘open’ and ‘accessible’ sciences 
discussed so ^ar, the Islamic sciences include a 
category called the hidden (khafiyyah) or occult 
iiharibah) sciences, which have always remained 
‘hidden’, both in the content of their teachings and 
in the manner of gaining accessibility to them, 
because of their very nature. The saying of Rene 
Guĕnon that there are no occult sciences but only 
‘occulted sciences’ holds true as much for the 
Islamic world as for the West. These sciences in 
their unadulterated form - and not in their half- 
mutilated, present-day form in which their"sym- 
bolism is forgotten - deal with hidden forces within 
the cosmos and the means of dealing with these 
forces. In a traditional world, these sciences were 
kept hidden in order to protect society from their 
being used, or rather misused, by the unqualified, 
much like esotericism itself, of which they are 
branches. The traditional occult sciences are, in 
fact, applications of cosmological sciences, and 
are understandable only in the light of a living eso- 
tericism having the metaphysical doctrines neces- 
sary to make lucid the symbolism they contain. 


I. On the role of the occult sciences divorced from their 
principles in the spread of chaos in the modern world, 
see R. Guĕnon, The Reign of Quantity and the Signs of 


Without the light of such an esotericism they be- 
come opaque and, in fact, dangerous channels for 
spreading chaos on the plane of external forms, 
both natural and human. The cultivation of the 
occult sciences in the modern world is a glaring 
example of such a case, where the singular lack of 
the light of wisdom has turned the ‘occult sciences’, 
whose principles have been totally forgotten, into 
major factors in the spread of disorder and chaos.’ 

In the Islamic world the situation has been 
completely different. While, on the exoteric level, 
the cultivation of the occult sciences, especially 
those dealing with prognostication, were for- 
bidden or at least discouraged, on the esoteric level 
they became ancillaries to the purely esoteric doc- 
trines of gnosis. Moreover, in the light of the 
esoteric dimension of the Quranic revelation, 
these sciences, some of purely Semitic origin and 
others inherited from the Hellenistic, Egyptian, 
Babylonian and Iranian worlds, became like shin- 
ing stars in the hrmament, providing so many keys 
for the contemplative understanding of the inner 
processes of the natural order. 


the Times, trans. by Lord Northbourne, London, 1953, 
pp. i 97 fF. 
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The Nature of Alchemy 

Without doubt, the most widespread and 
signihcant of these sciences in Islam was alchemy, 
which, as in the Latin West,^ was considered at 
once a science and an art (sind'ah). Traditional 
alchemy is, in fact, a complete way of looking at 
things. It is at the same time a science of the cosmos 
and a science of the souP and is related to art and 
metallurgy on the one hand and spiritual psycho- 
therapy on the other. The alchemical point of view 
is based on the principle that ‘everything is in 
everything’, that everything penetrates every- 
thing^ (taddkhul), and that therefore the substance 
of things can be transmuted so that their nature 
can be changed rather than only their accidents 
as is taught in Aristotelian natural philosophy. 

To speak of alchemy is to speak of trans- 
mutation of the substance of things in the presence 
of a spiritual agent symbolized by the Philoso- 
phers’ Stone. It means also, and above all, the 
inner transmutation of the subject, of man him- 
self, who participates in the process of which only 
the external aspect is discemible. Alchemy is con- 
cerned with the material world, especially minerals 
and metals, but not considered solely in them- 
selves. Rather, it sees in them the insignia of the 
cosmic intelligence and makes use of the alchemical 
processes concerning them as supports for the 
transformation of the soul. Alchemy is not a proto- 
chemistry, although the history of chemistry is in- 
separable from it. Nor is it a purely psychological 
science in the manner interpreted by C. G. Jung 
and his disciples. It is a science embracing at once 
the cosmos and the soul, based on the view of 
nature as a sacred domain whose processes of 
giving birth to precious metals and minerals^ are 

2. As far as alchemy is concerned, Latin alchemy is both 
historically and conceptually a direct continuation of 
Islamic alchemy, as the name of the art itself from the 
Arabic al-kimiyd’ reveals. See Nasr, Science and 
Civilization in hlam, pp. 285ff. 

3. The work of T. Burckhardt, which we consider the best 
contemporary account of alchemy, is in fact entitled 
Alchemy - Science of the Cosmos, Science of the Soul, 
trans. by W. Stoddart, London, 1967; Baltimore, 1971. 

4. According to traditional Islamic metaphysics, the first 
determination of the Absolute (the level of ahadiyyah 
according to the followers of the school of Ibn ‘Arabi) is 
one in which all the Divine Names and Qualities are 
determined but as yet indistinct in such a way that every 
Quality is in every other Quality. It might be said that 
the alchemical point of view reAects this principial 
Reality on the level of cosmic existence. 


accelerated by the alchemist through the power of 
the Spirit operating within his soul and making ^ 
possible the final deliverance of the soul from all j 
bondage and its transformation into gold, which ^ 
alone among metals remains unaffected by the j 
withering inAuences of natural ibrces. To seek in [ 
alchemy either a crude chemistry or a psychology | 
in the modem sense of the word is to remain blind | 
to the sacred view of nature and the doctrine of the l 
unicity of the cosmos which form the foundation f 
of all the traditional sciences, especially alchemy, i 
and which stand at the antipode of the segmented | 
and secularized world which forms the ‘object or | 
subject of study’ of both modem chemistry and | 
modem psychology. i 

Islamic alchemy, which reached its height » 
at the beginning of its history with Jabir ibn [ 
Hayyan, contains a total ‘philosophy of nature’ [ 
related closely to the general philosophical out- | 
look of classical Hermeticism, as well as a specihc | 
doctrine concerning the mineral kingdom and the I 
transmutation of metals into gold. The basis of s 
this natural philosophyis, as inPeripateticphysics, 
the doctrine of hylomorphism, the four natures or t 
qualities and the four elements, although these are ( 
interpreted somewhat differently in the two | 
schools.® The fbur natures combine in various ( 
permutations, as specified in Pigure 86, to give [ 
rise to the two basic substances, or principles, of | 
sulphur and mercury. These two principles are | 
not, however, to be confused with the physical | 
substances bearing the same name. Rather, the i 
alchemical sulphur and mercury correspond to the i 
masculine and feminine principles on the cosmic ; 
plane from whose wedding all creatures come into [ 
being. They correspond in many ways to the Yin- 

5. The ideal of alchemy as a form of ‘obstetrics’ which : 
delivers gold from the bosom of nature is an ancient 1 
one which Islamic alchemy inherited from its Alexan- ] 
drian background. See M. Eliade, The Porge and the 
Crucible, trans. by S. Cossin, London, 1962, chap. 4. 

6. On the theoretical structure underlying alchemy, see 
Burckhardt, op. cit., Nasr, op. cit., chap. ten; Eliade, op. 
cit., R. Alleau, Aspects de l’alchimie traditiohnelle, Paris, 
1953; Eulcanelli, Les demeures philosophales et le sym- 
bolisme hermĕtigue dans ses rapports avec l’Art sacrĕ et 
1 ’ĕsotĕrisme du Grand-Oeuvre, Paris, 1930; G. Evola, La 
tradizione esmetica, Bari, 1948; M. Aniane, ‘Notes sur 
1 ’alchimie, “Yoga” cosmologique de la chrĕtientĕ 
mĕdiĕvale’, in J. Masui (ed.), Yoga, Science de l’homme 
intĕgral, Paris, 1953, pp. 243-273; and E. Zolla, Le 
meraviglie della natura - Introduzione all’alchemica, 
Milan, 1975. 


194 




Alchemy and Other Occult Sciences 


cold 

(contraction) 


heat 

(expansion) 


dryness 

(fixation) 



Pigure 86. The four elements, natures and cosmic and alchemical principles. 


Yang and Puru§a-Prakrti of Chinese and Hindu 
cosmologies considered on the lower planes of 
cosmic reality. 

Hence, according to Jabirean alchemy, all 
metals come into being as a result of the wedding 
of sulphur and mercury in different proportions, 
and of course under particular celestial inAuences, 
which alone make this ‘unnatural’ and ‘extra- 
terrestrial’ substance which the metallic state sig- 
nifies possible. That is why the metallurgist is 
always dealing with ‘inAuences’ which are not 
natural to the environment and which must be 
controlled through beneficent spiritual inAuences 
if they are not to cause disorder in the terrestrial 
milieuJ The use of the same symbols for metal and 
the planets in alchemy and astrology [ (Saturn 
and lead), > (Jupiter and tin), o» (Mars and 
iron), 0 (Sunandgold), 9 (Venus and.copper), 
9 (Mercury and quick-silver), D (Moon and 
silver)] signifies the presence of celestial inAuences 
in the genesis of metals from the combination of 
sulphur and mercury. The metals are so many 
‘insignia’ of the planets on the terrestrial plane. 

According to Jabir, the key to the under- 
standing of the structure of metals and, in fact, of 
all substances is the balance (al-mizdn), which 


plays a crucial role in Islamic alchemy. The 
balance is not j ust a physical instrument to measure 
weights, and its presence in Jabirean alchemy is by 
no means the sign of the early appearance of 
quantitative analysis in the history of chemistry. 
Rather, the balance is the instrument which 
‘measures’ the tendency of the World Soul to- 
wards a particular composition, the act of ‘mea- 
surement’ being meant here in its Pythagorean 
rather than modem sense.* The balance is, there- 
fore, concemed with inner and outer qualities and 
with numeral symbolism, as well as with the 
symbolic letters of the Arabic alphabet. 

According to Jabir, each metal possesses an 
outward {t^dhir) and an inward {bdtin) aspect, two 
qualities being manifested outwardly and two re- 
maining inward. Gold, the most perfect of metals, 
is, for example, outwardly hot and humid but in- 
wardly cold and dry while silver is its opposite. 
Jabir, moreover, divides each quality into four 
degrees and each degree into seven subdivisions, 
so that there are altogether twenty-eight parts, 
each of which corresponds to a letter of the Arabic 
alphabet. The four natures also exist in each metal 
according to the series i: 3:5:8, the sum being 17, 
which is the key to the understanding of the struc- 
ture of the world. The series i: 3:5:8, as well as 
the numbers 17 and 28, are intimately bound to 
the magic square of nine houses ± li. which if 
divided gnomonically will give the jyj numbers 
28 (4 9 + 2 7 + 6), 17 (3 + 5 + I -L 8) and the 

series i: 3:5:8.® The numbers used by Jabir are 
closely related to the Pythagorean musical scale, 
to ancient Babylonian architecture, and also to the 
Chinese Ming-Tang, indicating early contacts 
with the Chinese traditionin this domain. 

Jabir and other Islamic alchemists foIIow- 
ing him devised elaborate tables showing the cor- 
respondence of the letters of the alphabet with the 
degrees of the various qualities and the ‘amount’ 
of each quality existing in the metal in question. 
The name of the metal in Arabic is therefore con- 
nected through these tables to the very structure 
of the metal.^® In Jabirean alchemy, the treatment 
of alchemical qualities is inseparable from the 


7. See Guĕnon, op. cit., chap. XXII; also Eliade, op. cit., 
chap. 9. 

8. On the meaning of the Jabirean balance, see H. Corbin 
‘Le livre du Glorieux de Jabir ibn Hayyan’, Eranos- 
Jahrbuch, vol. XVIII, 1950. 


9. On the Jabirean balance and the theory of composition 
of metals, see P. Kraus, Jdbir ibn Hayydn, vol. II, 
‘Jabir et la science grecque’, chap. V, pp. iSylT.; Nasr, 
Science and Civilization in Islam, pp. 258+; and Holm- 
yard, Alchemy, London, 1957, PP- 66-80. 

10. See Kraus, op. cit., pp. 223+ 
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sdence of numbers on the one hand and the 
science of letters (al-jafr) on the other. Every 
metal is constituted of the same qualities in differ- 
ing internal and external proportions, and trans- 
mutation means the change of these proportions 
according to the tables devised and with the help 
of the cosmic balance which is itself the source for 
thetables. 

It must be remembered, however, that al- 
chemical transmutation is not simply a ‘natural’ 
process. It is the result of the direct intrusion of a 
higher principle upon the physical plane and a 
quickening of cosmic processes made possible 
only through the presence of forces from the 
worlds above in the same way that inwardly the 
transformation of the soul is possible only through 
the presence of the Spirit. This fundamental 
aspect of alchemy, which alone should clearly dis- 
tinguish it from any form of proto-chemistry, is 
intimately bound to the elixir (from the Arabic al- 
iksir) and also the Philosophers’ Stone {hajarat al- 
faldsifah). The elixir is of different kinds, seven 
elixirs being enumerated by Jabir, some mineral, 
others vegetable and yet others animal, while the 
Philosophers’ Stone is only mineral. But in both 
cases the necessity of their presence in the act of 
transmutation means the presence of ? spiritual 
force not to be found by simply searching among 
natural substances. That is why the terms elixir 
and Philosophers’ Stone imply something rare and 
precious, inaccessible save to the adepts. In Arabic 
and Persian, the term kimiyd’ itself, from which 
comes the word alchemy, means not only the art 
but also the substance whose presence makes 
transmutation possible, and even the fruit of 
transmutation, which is gold. 

Alchemical transmutation is a process, a 
work consisting of various stages which are often 
summarized as blackening (nigredo), bleaching 
(albedo) and reddening (rubedo) of the ‘stone’ that 
is to be transmuted. It is achieved through nature 
itself but with the help of the art of alchemy and 
through the grace of God which is absolutely 
essential if the process is to be successful. The al- 
chemists say that ‘nature can overcome nature’,“ 
meaning that alchemy makes use of nature itself to 
bring about the transmutation of natural sub- 

11. See Burckhardt, op. cit., chap. 9. 

12. There are some vivid illustrations of this principle from 
mediaeval and Renaissance Western manuscripts in 
C. G. Jung, Psychology and Alchemy, trans. by R. F. C. 


stances. But this overcoming of nature by nature | 
is possible only with the help of the spiritual | 
presence which transcends the natural order and 
yet is ‘supernaturally natural’. The stages of the | 
alchemical work imply death and resurrection, i 
and dissolution and coagulation, in such a way that | 
the base metal, disordered and chaotic, is trans- | 
formed into gold, the solar metal and the symbol | 
of perfection and harmony on the physical level. | 
The work implies the dissolution of what is | 
coagulated and the coagulati.on or crystaIlization | 
of what is dissolved. The famous saying of the fifth | 
and sixth Shi‘ite Imams in whose circle Jabir was | 
trained, namely ‘Our spirits are our bodies and our l 
bodies our spirits’ (arwdhund ajsddund wa ajsd- ' 
dund arwdhund) means, among other things, the 
alchemical transmutation which crystallizes and l 
fixes the volatile spirit and dissolves the coagulated t 
and dense body. ( 

The famous alchemical saha et coagula not | 
only concerns minerals and metals but is also f 
directly connected with the spiritual alchemy [ 
through which the hardened heart of fallen man is ‘ 
dissolved and the amorphous aspects of his soul i 
crystallized. The alchemical work is in fact an in- | 
ward process through which the soul is trans- i 
formed, but by making use of external metal- i 
lurgical and alchemical processes as a support, 
thanks to the analogy between the microcosm and ( 
the macrocosm. While the base metal is melted in | 
the athanor (from the Arabic al-tannur or oven), 
the hardened crust of the soul of man which pre- { 
vents him from reaching the fountain of life at the 
centre of his being is melted within the body, 
which is the microcosmic athanor, until the crust 
dissolves and ceases to be an impediment to the 
flow of the water of life. The death and resurrec- 
tion of metals is an outward support for the death 
and resurrection of the soul, and the phoenix rising 
from its ashes is none other than the state of the 
soul of the initiate after it becomes freed from the 
prison of passions and limitation. The wedding of 
the sun and the moon or the king and the queen so 
often depicted in alchemical texts is, of course, thi 
symbol of the wedding of the soul to the Spirit.^^ 
Alchemy, like Tantrism, makes use of the 
cosmic forces themselves in order to transcend 

Hull, New York, 1953, for exainple p. 316. The inter- 
pretation is, however, full of grave errors since the 
fundamental differences between Spirit and Soul are 
not emphasized by Jung. 
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the cosmos. It is a discipline whereby the male 
principle is devoured by the female principle to rise 
again in perfected form and to become wedded 
to the female principle in a union which itself is 
beyond all cosmic dualities. In this process, the 
mineral kingdom acts as a support for the al- 
chemist, while the transformation within the being 
of the alchemist affects the external natural en- 
vironment about him. The transformation of the 
soul of fallen man into the state of sanctity is a 
miracle' which corresponds to the transmutation 
of base metal into gold. Both gold and the soul of 
the saint have become incorruptible within the 
world of generation and corruption where every- 
thing else withers away. They are both vice-gerents 
of the Spirit in this world, each on its own plane, 
and therefore correspond to each other in many 
ways. One is the fruit of inner alchemy and the 
other of outward alchemy. But ultimately there is 
a unity which embraces the inward and the out- 
ward and there is ultimately but one alchemy 
which makes possible both the inward and the out- 
ward transmutation. 

Debates about Transmutation 

The possibility of transforming base metal 
into gold was debated throughout Islamic history 
by Muslim scientists, philosophers and theo- 
logians, as it was in the West. Usually the theo- 
logians (mutakallimm) opposed alchemy and the 
occult sciences in general, although some among 
them, such as the Mu‘tazilite Qadi ‘Abd al-Jabbar 
and the Ash‘arite Pakhr al-Din al-Razi, wrote 
treatises on them. Most philosopher-scientists and 
physicians accepted the alchemical point of view, 
even if they did not believe in transmutation. 
Usually the Peripatetics opposed the possibility of 
transmutation while the Illuminationists accepted 
it. 

Ibn Sina, for example, clearly opposed 
those who claimed to turn base metal into gold and 
wrote against them. Yet, the theory of the com- 
position of metals which he presents in his Shifa‘ 

13. In traditional Islamic sources the wedding of the Holy 
Prophet and Khadijah is sometimes referred to as the 
conjunction of the sun and the moon. 

14. S. Mahdihassan has gone so far as to claim that the word 
alchemy itself does not come from Egyptian and Greek 
sources {chem which is the Egyptian for black or the 
Greek verb cheein meaning to pour out) but from the 
Chinese Chin-la, which means the gold-producing 
juice of a plant. See Mahdihassan, ‘Alchemy and its 
Chinese Origin as revealed by its Etymology, Doctrines, 


is based on the sulphur-mercury theory and is the 
same as that of the alchemists.^® Ibn Sina was in 
fact taken to task by al-Tughra’i for his opposition 
to alchemy and the debate continued over the cen- 
turies. Usually in theological circles, those associa- 
ted with Shi‘ism, which early in its history in- 
tegrated certain facets of Hermeticism into itself, 
were more sympathetic to alchemy than the 
Ash‘arite theologians, although there were notable 
exceptions. As for philosophy, schools which were 
of a more esoteric nature were naturally more in- 
terested in alchemy. In fact the highest and most 
profound interpretation of alchemy was to be 
given by the representatives of Islamic esotericism 
such as Ibn ‘Arabi, who was himself entitled the 
‘red sulphur’ {al-kibrit al-ahmar). 

The Historical Development of Islamic 
Alchemy 

While the origin of alchemy is hidden in 
the vast spans of prehistory, alchemy as a sys- 
tematized discipline, with its written texts and 
established authorities, appears in Alexandria and 
China at almost the same time, namely just before 
the beginning of the Christian era. Islam was heir 
to the whole of the Alexandrian alchemical heri- 
tage and also, without doubt, had some contact 
with Chinese alchemy, from which it adopted 
many elements, including not only the numero- 
logical concerns already cited but also the meaning 
of the term alchemy itself, as both the art of trans- 
mutation and the substance which makes trans- 
mutation possible.i'^ 

The Muslim sources contain the names of 
nearly all the known Alexandrian alchemists as 
well as mythical hgures associated with Hermeti- 
cism. The names of Agathodaimon, Isis, Kleo- 
patra and Maria are often cited, as are those of 
Ostanes and Jamasb al-Hakim, showing the strong 
Persian element which was already present in 
Alexandria.i® Almost all the famous Greek philo- 
sophers from Pythagoras on were also cited as 
alchemical authorities as the well-known Turba 

and Symbols’, Iqbal Review, 1966, pp. 22ff. On Chinese 
alchemy itsell' see J. Needham, Science and Civilization 
in China, vol. V: 2, Cambridge, 1974. 

15. The figure of Ostanes, the Persian, is of particular im- 
portance as the channel through which Persian in- 
Auences penetrated into Alexandrian alchemical circles. 
See J. Lindsay, The Origins of Alchemy in Graeco- 
Roman Egypt, New York, 1970, chap. 7; also J. Bidez 
and F. Cumont, Les mages hellenisĕs, Zoroastre, Ostanĕs 
et Hystaspe d’aprĕs la traditiongrecgue, Paris, 1938. 
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Philosophorim {Mushaf al-jamctah in its original 
Arabic of ‘Uthman ibn Suwayd and going back to 
a Greek model) shows.^® 

In addition to these hgures the Muslims 
also knew and cited Alexandrian alchemists pro- 
perly speaking such as Bolos Democritos, Zosi- 
mos, Apollonios of T yana - whose Sirr al-khaliqah 
{Secret of Creatures) was so well known among 
Muslims -, Teukros and Stephanos of Alexan- 
dria.^^ 

The most important source for Islamic 
alchemy, and in fact a major source of inspiration 
for certain of the other Islamic sciences and 
schools of thought, is, however, a number of 
treatises attributed to Hermes and known in the 
West as the Corpus Hermeticum}^ What the 
mediaeval and even post-mediaeval West has 
known of Hermes comes essentially from Islamic 
sources rather than directly from Alexandrian 
ones, where, from the wedding of the Greek god 
Hermes and the Egyptian god Thoth, the hgure of 
Hermes as the founder of alchemy and a whole 
‘philosophy of nature’ came into being. 

In Islamic sources the one Hermes of Alex- 
andrian sources became three, hence the term 
Hermes Trismegistos (from the Arabic al- 
muthallath bTl-hikmah), which has inspired so 
many philosophers and poets in the West. The 
three Hermes were considered by Muslims as 
prophets belonging to the golden chain of pro- 
phecy stretching from Adam to the Prophet of 


16. On this important text of Latin alchemy see M. Pless- 
ner, ‘The Turba Philosophorum, A Preliminary Report 
on Three Cambridge MSS’, Ambix, vol. 7, 1959, pp. 
159-163. 

17. On the Alexandrian sources of Islamic alchemy see 
D. Chwolson, Die Ssabier md der Ssabismus, vol. I, 
pp. 781-792; E. O. von Lippmann, Entstellung und 
Ausbreitung der Alchemie, 2 vols., Berlin, 1919-1931; 
Ruska, Tabula Smaragdina, Heidelberg, 1926, pp. 6-68; 
Sezgin, Geschichte der arabischen Schri/ttums, vol. IV, 
pp. 31-119; Ullmarm, Die Natur- und Geheimwissen- 
schaften im Islam, pp. 145-191. 

18. For this corpus, which is not the same in Arabic as in 
Greek, see A. J. Pestugiĕre and A. D. Nock, La rĕvila- 
tion d’Hermĕs Trismĕgiste, 4 vols., Paris, 1953 on; 
G. R. S. Mead, Thrice-Greatest Hermes, 3 vols., London, 
1906 and 1949; and W. Scott, Hermetica, 4 vols., 
Oxford, 1924-1936. 


Islam. Hence Hermeticism was considered as a 
revealed doctrine and was easily integrated into 
the Islamic perspective because it was already 
‘Islamic’ in the wider sense of the term as belong- 
ing to the chain of prophecy.^® The hrst Hermes 
was identihed with the ante-diluvian prophet 
Idris (or Akhnukh). He lived in Egypt and built 
the pyramids. The second was entitled al-Babili, 
namely ‘Babylonian’. He lived in Mesopotamia 
after the flood and was responsible for reviving the 
sciences. The third lived again in Egypt after the 
flood and taught men many of the sciences and 
crafts. The Muslims saw the three Hermes not 
only as founders of alchemy, but also of astronomy 
and astrology, architecture and many of the other 
arts, and Anally of philosophy. The lirst Hermes is 
entitled by Muslim sources Abu’l-Hukama’ (the 
father of theosophers or philosophers).^® 

The Hermetic corpus in Arabic includes 
the celebrated Tabula Smaragdina {The Emerald 
Table), which appears also at the end of Apollonius 
of Tyana’s Sirr aTkhaliqah,^^ the Kitdb al- 
Istamdtis and the Kitdb al-habib {The Book of the 
Eriend) all of which were very popular. There also 
developed a notable Islamic Hermetic literature 
which includes works of such diverse Agures as 
Abu Ma‘shar, Suhrawardi, Ibn ‘Arabi and Afdal 
al-Din al-Kashani. Hermetic writings formed a 
distinct corpus which played an important role in 
Islamic thought. Moreover, it was also inAuential 
in the West where its effect can be seen upon 


19. See Nasr, Islamic Studies, chap. six, ‘Hermes and 
Hermetic Writings in the Islamic World’. See also L. 
Massignon, ‘Inventaire de la littĕrature hermĕtique’, 
appendix IV to Pestugiĕre and Nock, op. cit., voi. I; 
M. Plessner, ‘Hermes’ in the new Encyclopaedia of 
Islam', and A. E. Affifi, ‘The InAuence of Hermetic 
Literature on Moslem Thought’, BuUetin of the School 
of Oriental and African Studies, vol. 13, 1949-1951, pp. 
840-855. 

20. More than any other figure Abu Ma‘shar al-Balkhi is 
responsible as the source for the doctrine of the three 
Hermes, which was then reAected in different variations 
in numerous later works. 

21. See Ruska, op. cit., and Plessner, ‘Neue Materialen zur 
Geschichte der Tabula Smaragdina’, Islam, vol. 16, 
1927, pp. 77-113- 
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writings as diverse as the Parzival epic^^ and the 
works of Giordano Bruno.^^ 

Through direct contact and oral trans- 
mission as well as by means of translations of 
texts Muslims became heir to the tradition of 
Alexandrian alchemy and very early in their his- 
tory founded a major new branch of the alchemical 
tradition which has come to be known as Islamic 
alchemy.^^ The earliest Muslim alchemist who 
had direct contact with Alexandrian, and perhaps 
Syriac, 'sources was the Umayyad Prince Khalid 
ibn Yazid, whose name is often mentioned in later 
sources. Although his activities are clouded in 
some uncertainty, there is no doubt concerning 
his interest in alchemy. There are in fact treatises 
by him which still survive, as well as many which 
have been mentioned by later sources but which 
are no longer extant.^^ 

Islamic alchemy reached its peak rapidly 
in the early 2nd/8th century in the circle of Imam 
Ja‘far al-Sadiq, the sixth Shi‘ite Imam, who was 
theteacher of Jabir ibn Hayyan.^® As already men- 
tioned, with Jabir, known in the West as Geber, 
Islamic alchemy reached a point never surpassed 
during the succeeding centuries. Jabir hailed from 
Kufa, spent much of his life in Tus, then came to 
Baghdad and died around the end of the 2nd/8th 
century in seclusion in either Kufa or possibly 
somewhere in Persia.^’ He wrote a very large num- 
ber of works to which later followers of Isma‘ilism, 

22. See H. and R. Kahane, The Krater and the Grail; Her- 
metic Sources of the Parzival, Urbana (Illinois), 1965; 
and Corbin, En Islam iranien, vol. II, Paris, 1971, 
chap. IV. 

23. See F. A. Yates, Giordano Bruno and the Hermetic 
Tradition^hondon, 1964. 

24. On the historical development of Islamic alchemy see 
Sezgin, op. cit., pp. 120-299; Ullmann, op. cit., pp. 
I92ff.; von Lippmann, op. cit.-, Nasr, Science and 
Civilization in Islam, chap. ten; Holmyard, Alchemy, 
chap. 5; M. P. E. Berthelot, La chimie au Moyen-Age, 
Paris, 1893; and A. Siggel, Katalog der arabischen 
alchemisten Handschrijten Deutschlands, Berlin, 1949, 

25. See the general study devoted to Khalid by Sa‘id 
Diwaji, al-Amir Khdlidibn Yaaid, Damascus, 1953. 

26. Again, Ruska and others have cast doubt upon the 
alchemical teachings emanating from the circle of Imam 
Ja‘far. But here, as in the case of Khalid ibn Yazid and 
Jabir himself, later research by Sezgin and others has to 
a great extent substantiated, rather than repudiated, the 
traditional Islamic view. 


who considered Jabir as their own, added many 
treatises following his teachings and in the spirit of 
his doctrines. Together, these works are called the 
Jabirean corpus and they constitute a major collec- 
tion in the annals of Islamic science.^* These in- 
clude nearly every field of leaming and especially 
alchemy where such works as the Kitab al-saPin 
{The Seventy Books) and the Kit^ al-mizdn {The 
Book of the Balance) have served as the founda- 
tions of Islamic alchemy.^® Altogether the Jabirean 
corpus, most of it still not studied thoroughly, is 
the most important single body of works on 
alchemy in Arabic and the main source not only of 
Islamic alchemy but even to a large extent of Latin 
alchemy. 

The Barmakid family of viziers, who were 
patrons of Jabir, were themselves interested in 
alchemy and composed treatises on the subject. 
Also, in the early 3rd/9th century, ‘Uthman ibn 
Suwayd from Akhmim (Panopolis) in Egypt com- 
posed the Arabic original of what was later to be- 
come one of the most famous of Latin alchemical 
texts, the Turba Philosophorum, which remained 
popular throughout the Middle Ages and the 
Renaissance.®® It is of particular interest to note 
also that the Egyptian Sufi Dhu’l-Nun al-Ma§ri, 
who was a contemporary of Ibn Suwayd, also 
wrote on alchemy, two of his treatises on the sub- 
ject being mentioned by Ibn al-Nadim. Nor was 
Dhu’l-Nun the only Sufi master who wrote on 

27. A few years ago a tombstone was found in Western 
Persia with the name of Jabir on it, although traditional 
sources usually mention Tus or Kufa as his place of 
death. On the life of Jabir see Holmyard, Alchemy, pp. 
66ff.; Holmyard, ‘An Essay on Jabir ibn Hayyan’, 
Studien zur Geschichte der Chemie, Eestgabe E. 0 . von 
Lippmann zum siebzigsten Geburtstage, Berlin, 1927, pp. 
28-37; Kraus, ibn Hayydn, vol. I; and Sezgin, op. 
cit., pp. 132-231. 

28. Sezgin, in the work already cited, has given detailed 
answers to many of the arguments of Kraus against the 
authenticity of the works contained in the Jabirean 
corpus. The new studies of the manuscript material by 
Sezgin have given a much greater historical reality to 
Jabir and his works than the ethereal picture of him 
depicted by Ruska and Kraus. 

29. For a list of Jabir’s writings, see Sezgin, op. cit., pp. 
231-269. 

30. The Latin text of the Turba was published in Basle in 
1572. 


199 



The Applied Sciences 


alchemy. Both al-Junayd and al-Hallajj masters of 
the school of Baghdad, are also said to have written 
alchemical treatises, and works bearing their name 
have survived. 

A new phase was begun in the history of 
Islamic alchemy by Muhammad ibn Zakariyya’ 
al-Ra^i, whose inAuence was nearly as great in this 
domain as in medicine. A study of al-Razi’s 
philosophical ideas reveals that he stood outside 
the mainstream of Islamic philosophy and negated 
among other things the distinction between the 
outward and inward (Jbdtin) aspects of 

things and the process of spiritual hermeneutics 
{ta’wil) which is the journey from thooutward to 
the inward. Since alchemy is an eminently sym- 
bolic science of the cosmos, the negation of ta’wil, 
and hence the symbolic interpretation of nature, 
meant also the transformation of the nature of 
alchemy itself. Al-Razi, more than any other Mus- 
lim alchemist, was responsible for the transforma- 
tion of alchemy into chemistry, although he con- 
tinued to use the language of alchemy.®^ His works 
such as the Kitdb al-asrdr {The Book of Secrets) 
and the Kitdb sirr al-asrdr {The Book of the Secret 
of Secrets - the Liber Secretorum Bubacaris in 
Latin) and the al-Madkhal al-taTimi {Propaedeutic 
Introduction) were studied as works on alchemy by 
later generations of Muslims because they con- 
tinued to use the language of alchemy although in 
reality they are more texts of chemistry than 
alchemy. This is especially true of the Kitdb al- 
asrdr, which by mistake has come to be known 
as Sirr al-asrdr,^^ and which is the major opus of 
al-Razi on the subject. This work is dehnitely 
more concerned with chemistry than alchemy, 
despite the fact that the author follows Jabir on 
many points such as dividing metals into seven 
species including the ‘chinese metal’ {khdrsini). 
The later Muslim alchemists in general had not as 
yet had an experience of minerals and metals so 
emptied of their sacred content as to make pos- 
sible the conception of chemistry in the modem 


31. See Nasr, ‘From the alchemy of Jabir to the chemistry 
of Razi’, in Islamic Studies, pp. 90-95. On Razi’s 
chemical ideas, see also H. Sheybani, Kitdb al-asrdryd 
rdzhd-yisdn‘at-i kimiyd’,Tehian, 1349 (A.H. solar). 

32. See M. T. Danechepazhuh (ed.), Kitdb al-asrdr wa sirr 
al-asrdr, Tehran, 1964; U. I. Karimov (ed.), Neizvest- 
noe socienie al-Razi ‘Kniga Tainy Tain’, Tashkent, 
1957. Ruska, in his well-known study Al-Razi’s Buch 


sense. They, therefore, saw al-Razi as an al- 
chemist, although some contemporary alchemists 
in Persia call a kind of imperfect transmutation of 
metal into gold the ‘Razi transmutation’. Seen 
from the point of view of the later phases of the 
history of science, however, al-Razi must be 
considered as the founder of chemistry. 

One of the most notable contributions of 
al-Razi to chemistry is his classihcation of sub- 
stances. The well-known classihcation of sub- 
stances into mineral, vegetable and animal is met 
with for the first time in his writings and he must 
be credited with this primary and all-important 
categorization.^® Al-Razi also gave a careful de- 
scription of many chemical processes such as dis- 
tillation, calcination, hlteration and the like, which 
are also seen in the writings of Jabir as well as in 
those of later alchemists, but which are particu- 
larly well described by al-Razi.^^ Being a physi- 
cian, al-Razi was also interested in iatrochemistry 
and is traditionally credited with being the first 
person to separate, and make medical use of, 
alcohol, although this traditional view has not 
been proven by modem scholarship. 

Ibn Wahshiyyah was nearly contemporary 
with al-Razi, but wrote in a completely dilTerent 
vein. The famous author of occult works dealing 
especially with agriculture also wrote several 
treatises on alchemy, of which the Kitdb al-usul al- 
kabir {The Grand Book of Principles) may be cited 
as an example. He was followed in the 4th/ioth 
century by Ibn Umayl, author of several al- 
chemical works, the most famous of which is the 
Kitdb al-md’ al-waragiwa’Tardal-najmiyyah {The 
Book of the Sihery Water and Starry Earth). This 
work is among the most famous in the annals of 
Islamic alchemy and was also known in the West 
as Tabula chemica. 

The great Peripatetic philosophers of the 
4th/ioth century, al-Farabi and Ibn Sina, wrote 
on the elixir and other subjects related to alchemy 
but not on alchemy itself. But the philosopher and 


Gehemnis der Geheimnisse, Berlin, 1937, mistook the 
title of the Kitdb al-asrdr for Sirr al-asrdr. 

33. See Holmyard, Alchemy, p. 89, for the details of this 
classihcation. 

34. On various chemical processes, especially distillation, 
among Muslims, see R. J. Porbes, A Short History of the 
Art of Distillation, Leiden, 1970, pp. 28-54. 
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historian Ibn Muskuyah (usually known as Mis- 
kawayh) was actively interested in alchemy.®® 
Alchemical treatises by him survive to this day and 
it is known that he spent much of his life in the 
quest of the Philosophers’ Stone. Of the earlier 
Muslim philosophers, he was, with the exception 
of al-Razi, the person most devoted to the al- 
chemical art. 

The most noteworthy Islamic treatise on 
alchemical apparatus, the 'Ayn al-san^^ah wa 'awn 
d-sana^d’ {The Source of the Art and the Aid to the 
Students of Alchemy) of Abu’l-Hakim Muham- 
mad al-Kathi, which was translated later into 
Persian from the original Arabic, belongs to the 
5th/iith century.^® Also to this period belongs 
Abu Maslamah al-Majriti, to whom the well- 
known works, Rutbat al-hakim {The Sage’s Step) 
and the Ghdyat al-haktm {The Aim of the Wise)^ 
famous in the West as the Picatrixf'’ are attributed. 
Abu Maslamah has ^en often mistaken even in 
Islamic works with the astronomer Abu’l-Qasim 
Maslamah al-Majriti who lived at about the same 
time in Spain. Meanwhile, in the East, the cele- 
brated Sufi writer Abu’l-Qasim al-Qushayri left 
behind a treatise on alchemy, while al-Ghazzali 
employed the term ‘alchemy’ in the title of his 
Persian work Kimiyd-yi sa‘ddat {Alchemy of Hap- 
piness). But, as far as is known, he did not write a 
work specihcally on alchemy although many 
apocryphal ones on the subject are attributed to 
him. 

During the 6th/i2th century, alchemical 
works of major scope appeared again in both the 
eastem and westem lands of Islam. In the East the 
vizier Mu’ayyid al-Din al-Tughra’i defended 
alchemy against sceptics and left behind several 
treatises on the subject including the Kitdb mafdtih 
al-rahmah wa masdbih al-hikmah {The Book of the 
Keys of Mercy and Lights of Wisdom). In Anda- 
lusia Abu’l-Hasan al-Jayyani, known as Afra‘ 
Ra’s, who was a fine poet, composed several al- 
chemical poems, the most famous being the Shu- 

35 ’ See M. Arkoun, Contribution d rhumanisme arabe au 
siecle: Miskawayh (320 j 32^-421 j I 
1030) philosophe et historien, Paris, 1970. 

36. This treatise has been translated with annotations into 
English by H. E. Stapleton and R. F. Azo, ‘Alchemical 
Equipment in the Eleventh Century, A.D.’, in Memoirs 
of theAsiatic Society oJBengal, vol. i, 1905, pp. 47-71. 

37 - The Arabic text of this central work of both Islamic and 
Latin alchemy was edited by H. Ritter, Leipzig, 1933, 


dhur al-dhahab {Particles of Gold). Also in the 
Maghrib, the celebrated authority on the occult 
sciences, Shams al-Din al-Buni, devoted a large 
chapter of his Shams al-ma^dri^ {The Sun of the 
Divine Sciences) to alchemy; likewise Muham- 
mad ibn al-Hajj al-Tilimsani dedicated a section 
to alchemy in his primarily magical treatise, the 
Shumus al-anwdr {Suns of Light). 

The most important alchemical work to 
follow this period is the Kitdb al-‘ilm aTmuktasab 
fi zird‘at al-dhahab of Abu’l-Qasim al-‘Iraqi,^® 
which is essentially a summary of Islamic alchemy 
and based on Jabir, Ibn Umayl and others. 
Nevertheless, it is a well-written synopsis which 
continued to attract the attention of later al- 
chemists, who wrote commentaries upon it. 
Among these commentators, the most important 
is ‘Izz al-Din Aydamur al-Jildaki, who lived in the 
8th/i4th century. His Nihdyat al-talab {The End 
of the Search) is a commentary upon the ‘Ilm al- 
muktasab, while drawing also from earlier al- 
chemical works. Al-Jildaki is, in fact, particularly 
precious as a source for earlier Islamic alchemy. 

In the 9th/i5th century, Turkish writings 
on alchemy began to appear in addition to those 
of the Arabs and Persians. Among them, ‘Ali Bek 
al-Izniqi, called the ‘new author’ {al-mu'allif al- 
jadid), is the most important. He wrote many al- 
chemical works, including the Kitdb al-asrdr fi 
hatk al-astdr {The Book of Secrets Concerning the 
Rending of the Veils), which includes discussions 
on cosmology. He also wrote on the balance 
{al-mizdn). Meanwhile, alchemical treatises con- 
tinued to appear in the Maghrib with Abu ‘Amr 
‘Abd al-Karim al-Marrakushi writing on the 
Philosophers’ Stone and other alchemical sub- 
jects. His treatise Risdlat al-ruhdwiyydt {Treatise 
on Edessan Inspirations) is particularly interesting 
in that it describes the alchemical process in the 
form of a dream. In Persia, at the same time, 
Shahriyar Bahmanyar-i Parsi was composing his 
Tajdrib-i shahriydri in Persian.'^® 

and the text translated and analysed by Ritter and 
Plessner, ‘Picatrix’. Das Ziel des Weisen von Pseudo- 
Magriti, London, 1962. 

38. See E. J. Holmyard, The Book of Knowledge Acquired 
Concerning the Cultivation of Gold of Abu’l-Qdsim 
Muhammad ibn Ahmad al-‘lrdqi, Paris, 1923. 

39. See M. T. Danechepazhuh, Kitdb al-asrdr, which also 
contains the text of the Tajdrib-i shahriydri. 
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In the ioth/i6th century, Bel-Mughus al- 
Maghribi wrote a short treatise on the history of 
alchemy from Adam to the Prophet of Islam show- 
ing its revealed nature. He then described how the 
art was transmitted from the Holy Prophet to ‘Ali 
and his family, then to Khalid ibn Yazid and Imam 
Ja‘far al-$adiq. The author treats the transmission 
of alchemy as being like that of Suhsrn. In both 
there is a chain of transmission (silsilah) which 
alone makes their effective practice possible. 
Another fascinating figure of this period, Mir 
Abu’l-Qasim Pindiriski, but from the other end of 
the Islamic world, namely Persia, also wrote a 
treatise on alchemy. This remarkable sage taught 
the works of Ibn Sina in Isfahan and Sufism in 
India. He also commented extensively upon the 
Yoga Vdsistha and exchanged views with Hindu 
sages on various questions of gnosis. 

From the iith/iyth and I2th/i8th cen- 
turies, Westem alchemical inAuences began to be 
seen in the Ottoman empire, as can be seen in such 
figures as Ibn Sallum mentioned already. Still, 
traditional Islamic works also continued to appear, 
as seen in the works of Hasan Aqa Sardar who 
wrote commentaries on earlier alchemical works 
in Egypt. As for Persia, there alchemy as an in- 
ward science of the soul became a special subject 
of interest for the Shaykhis, who have written 
numerous treatises on spiritual alchemy combined 
with Shi‘ite gnosis during the past century. Like- 
wise, some of the Sufi masters, especially of the 
Ni‘matallahi Order, wrote on spiritual alchemy, 
one of the most famous among them being 
MuzafTar ‘Ali Shah Kirmani.^® To this day 
alchemy is practised in cenain Sufi orders and by 
cenain of the adepts although the use of its lan- 
guage is more prevalent among Sufis than the 
actual carrying out of its processes. 

Alchemical Apparatus 

Alchemists did, of course, deal with 
materials and, in fact, made use of all the techno- 
logical know-how of the ancient Babylonians and 


40. See Nur al-anwdr az bahr al-asrdr, attributed to 
Mu?affar ‘Ali Shah Kirmani, ed. by N. Subbu^ii, 
Tehran 1338 (A.H. solar). This work is a fine poem on 
alchemy and a masterpiece of its kind. Concerning the 
Philosophers’ Stone the author says (p. 14): 


Egyptians, especially in glass-making, dyes and 
metallurgy. But soon they developed their own 
distinct instruments which Muslims in turn in- 
herited from the Alexandrians. The processes of 
calcination, sublimation, distillation, fusion and 
crystallization continued over the centuries as the 
main concem of the alchemists as far as the ex- 
ternal aspea of alchemy was concerned, and so 
instruments to carry out these operations were 
developed and remained nearly unchanged over 
the ages. Many of the instruments described by 
al-Kathi were also empioyed by Lavoisier and are, 
in fact, still found in chemical laboratories. 



Plate 112. i8th-century alchemical reton by Josiah Wedgwood. 


The mostimportant alchemical instrument 
was the furnace, which is described in many al- 
chemical manuscripts. The athanor, which is a 
special type of furnace, symbolizes the human 
body and reAects this correspondence even in its 
external form.*^ Another famous alchemical in- 
strument is the still-head with a spout, known as 
the alembic (from the Arabk al-inbiq), whose form 
has remained unchanged over the ages and is still 
made in some places, such as Persia, in the same 
way that it has been made over the ages by both 
Islamic and Westem alchemists. Another well- 
known instrument is the double-reflux, still used 
for redistillation and called the pelican because of 
its external resemblance to the bird of that name. 
Altogether alchemical apparatus marks an im- 
portant chapter in the history of science as well as 
technology and is the basis of all later chemical 
apparatus. 


Does thou know what is the Philosophers’ Stone? The 
mirror of the Divine Essence, 

In which are contained the Divine Names and 
Qualities. 

41. On the significanceof athanor, see Burckhardt, Alchemy, 
chap. 13. 
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42. This does not mean that alchemy can be interpreted in 
terms of profane modem psychology in the manner of 
Jung and his disciples. Modem psychology, and 
especially psychoanalysis, are in fact a parody of the 
spiritual psychotherapy contained within traditional 


initiatic paths such as Suhsrn. See F. Schuon, ‘The 
Psychological Imposture’, Studies in Comparative 
Religion, Spring, 1966, pp. 98-102; and W. N. Perry, 
‘The Revolt against Moses’, ibid., pp. 103-119. 


Rpire 87. Two stills and a condenser. Probably i8th century. 


Alchemy and Sufism 

Already the names of seyeral famous Suli 
masters have been mentioned as authors of works 
on alchemy. The link between Suhsm and alchemy 
is indeed a profound one. First of all, Suhsm as a 
way of realization contains, like every authentic 
spirinial way, three elements; a doctrine, a method 
and an ‘alchemy’ which transforms the soul of 
man. On this level of meaning Suhsm foimd in 
alchemy a ready-made language through which it 
was able to describe this aspect of its teachings. 
Moreover, Suhsrn contains within itself a spiritual 
psychotherapy intimately related to the aspect of 


Plate 113. Contemporary alchemical apparatus from Persia. 


alchemy as a science of the soul. The Sufi master 
in fact operates upon the base metal of the soul of 
the disciple and with the help of the spiritual 
methods of Sufism transforms this base metal into 
gold.'^ 

There is yet another nexus between Sufism 
and alchemy. Many of the greatest of Sufi masters, 
such as Abu’l-Hasan al-Shadhili and Shah 
Ni‘matallah Wali, are said to have transmuted 
base metal into gold without any external aid but 
simply through a glance (na^ar), which, in the 
form of a miracle, ‘translated’ their inner state of 
sanctity unto the metal and affected through this 
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means the necessary change within the disciples 
for whom such an act was intended.^® Altogether, 
it can be said that Suhsm is a primaeval tree of 
which alchemy is a branch, or a garden of numerous 
Aowers, in which alchemy is present as a perfume 
whose scent can be noted throughout the garden 
although belonging to only one species of the 
Aowers present in the garden. 

Alchemy and Islamic Art 

As in the case of Suhsm, in the arts, both 
plastic and audible, the relations with alchemy are 
so numerous as to need a separate treatise to do 
justice to them. Both traditional poetry and tradi- 
tional music are intimately connected with the 
alchemical point of view through the effect they 
create upon the soul and the transformation they 
bring about within the soul. The traditional canons 
of both these arts deal with cosmological prin- 
ciples which are the same as those of alchemy and 
are concerned with processes which are akin to the 
Great Work. The end of both is the transformation 
of a base substance into a noble one. In certain 
great works of poetry and music the alchemical 
effect is quite evident, at least for the ‘metal’ 
which possesses the qualifications to be trans- 
muted. Such works cannot be experienced without 
that break in the contractive aspect of the cosmic 
milieu and the expansion within the horizons 
beyond the material world which correspond very 
much to the stages of the alchemical work. 

The same can be said of the plastic arts, of 
the harmony of forms in calligraphy and geo- 
metric design, whether they be connected with 
architecture or illumination of a manuscript. In all 
these cases there is a wedding between the al- 
chemical or Hermetic and the Pythagorean points 
of view in the matrix of Islamic spirituality. 
Alchemy also plays a particular role in the harmony 
of colours and their symbolism. Without the 

43. In one of the most famous verses of Persian poetry, that 
incomparable poet of the Persian language, Hafiz, 
whose own verses possess a powerful alchemical effect, 
refers to the Sufi master in these terms: 

i_ ^ j _Ij «ciT jl_;i 

1 » 4 I 4-4—■—** 1^ 

Those who turn dust into gold through a glance 
{nazar), 

Wouldst that they would cast upon us a corner of their 
eye. 

A few years later, in a poem which most likely is an 


knowledge of the alchemical effect of various 
colours those masterly symphonies of colour, such 
as Timurid mosques or Safavid carpets, would be 
inconceivable. Alchemy is the bridge between 
technology and the spiritual principles of Islamic 
art and is one of the keys to the understanding of 
the inner meaning of this art. 

Alchemy and Medicine 

Pinally, as far as the rapport of alchemy 
with other disciplines is concerned, something 
must be said about the relation between alchemy 
and medicine. In Alexandria alchemy was con- 
cerned with the mineral kingdom and the cultiva- 
tion of gold and in China mostly with plants and 
the attainment of longevity. Islamic alchemy con- 
tains both elements. It was not only the early 
masters, such as Jabir and al-Razi, who knew and 
practised medicine, but throughout Islamic his- 
tory many of the alchemists were also practising 
physicians. Their knowledge of herbs served both 
a medical and an alchemical goal and they even 
made use of mineral drugs in their medical prac- 
tice. The relation between alchemy and medicine 
in Islam has not been well studied, but there is no 
doubt that, in this field, Islamic alchemy occupies 
a place intermediate between the alchemy of Alex- 
andria and that of China. Some Muslim alche- 
mists showed little concem with pharmacology or 
other medical questions, whereas others saw in 
alchemy a means of regeneration which they also 
applied to human beings, combining the tech- 
niques of alchemy with those of medicine. 

Islamic Alchemy Today 

As already mentioned alchemy is by nature 
a hidden art. It is not therefore surprising that 
orientalists have not run across too many practis- 
ing alchemists in their journeys through the 
Islamic world. It is known that in the i^th/i^th 

answer to Hafiz, Sh^ Ni‘matall^ Wali, the founder of 
the Ni‘matallahi Sufi order and one of the outstanding 
Sufi masters of Persia, wrote: 

- /.T I_^ lai 4 I 1 j s Ij 1 >• 1—* 

It is we who through our glance turn the dust of the 
pathintogold. 

The two verses show clearly the spiritual signihcance of 
alchemy and its rapport with the spiritual power of the 
Sufi master who, outside all ‘natural processes’, trans- 
mutes the lead of the fallen soul into gold, which sym- 
bolizes the state of the soul in remembrance of God and 
wed to the Spirit. 
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Plate 114. A contcmporary alchemist at work. 
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century certain English Hermeticists travelled to 
Fez to renew their knowledge of the art, and a few 
practising alchemists were reported early this cen- 
tury in such areas as the Maghrib. But few realize 
that in those centres of the Islamic world where 
the traditional arts are still alive - in such cities as 
Yazd and Isfahan in Persia - alchemy still survives 
on a much larger scale than is outwardly suspected. 
Its dispensations, along with the more central 
grace issuing from Suhsm itself, make the con- 
tinuity of such arts as the weaving of traditional 
cloth possible. 

A few real masters of the art survive along 
with many amateurish aspirants. The masters are 
well hidden and usually veil their activity by some 
kind of an outward occupation such as shop- 
keeping or the practice of medicine. Yet they are 
not wholly inaccessible for those who really seek 
them. To meet one of these masters is to be faced 
with the blinding evidence that alchemy is not 
simply a proto-chemistry, for in their presence 
one feels not as if one were in the presence of an 
ordinary chemistry teacher but as if one were bath- 
ing in the sun on a cool autumn day. They exhibit 
a spiritual presence, intelligence and inner dis- 
cipline which proves that they are concerned above 
and beyond all charcoal-burning with the trans- 
formation of the base metal of the soul and ihe un- 
veiling of the gold or the sun which shines at the 
centre of man’s being, were he only to lift the veil 
that eclipses it before the outward eye. 

The Other Occult Sciences 

Islamic science was heir to a vast number 
of occult sciences, mostly of a divinatory nature, 
inherited from ancient Babylonia, Persia, Egypt, 
Alexandria and even Arabia itsel^.^'* These were 
usually classihed by Muslim scholars as branches 
of the hidden or ‘occult’ {khafiyyah) sciences, along 
with alchemy and the like, in contrast to the open 
(jaliyyah) sciences, such as mathematics. Although 
dozens in number, the occult sciences were clas- 
sified in the famous compendium of Husayn ‘Ali 
Wa‘iz al-Kashifi into the five sciences of kimiyd' 
(alchemy), limiyd’ (magic), himiyd’ (the subjugat- 


44. On the Arabic divinatory arts inherited by Muslims see 
T. Fahd, La divination arabe; ĕtudes religieuses, 
sociologigues et /olklorigues sur le milieu nati/ de 1 ’lslam, 
Leiden, 1966. 

45. On the occult sciences see Ullmann, Die Natur- und 


ing of soul^), simiyd’ (producing visions) and 
rimiyd’ (jugglery and tricks). The first letters of 
the five words together form the words kuUuhu 
sirr, which means, ‘they are all secret’.*® 








Pigure 88. A page from a treatise on magic (Uilism' (talisman)). 

Although this is a famous traditional classi- 
fication which was followed later by Shaykh Baha’ 
al-Din al-‘Amili, it is a simplified one. The texts 
on the occult sciences contain numerous other 
branches. Probably the most popular of the occult 
sciences was jafr, dealing with the numerical value 
of the letters of the Arabic alphabet and said to 
have been first cultivated by ‘Ali ibn Abi Talib. It 


Geheimwissenschaften im Islam, pp. 359 ff; S. H. 
Taqizadeh, ‘The Open and Secret Sciences’, in 
Melanges d’Orientalisme ojjerts d Henri Massĕ, Tehran, 

1963, pp. 383-387- 


206 








Alchemy and Other Occult Sciences 


is used to this day for purposes ranging from 
interpreting the opening letters of the verses of 
the Holy Quran to casting evil spells. Almost as 
widespread is raml, or geomancy, which is said to 
liave come down from the Prophet Daniel. 
Although it originally made use of pebbles of sand 
(hence the name, which in Arabic means sand), 
special instruments were later devised with vari- 
ous squares and dots from which future events 
are prognosticated. There is a special interest 
attached to the mathematics connected with 
geomancy, for it seems to be related to the struc- 
tureof living things rather than to inert matter in 
thesense of modem physics. 

Other occult sciences which have always 
been popular include physiognomy {‘ilm al- 
jirdsah) to which no less a hgure than Pakhr al- 
Din al-Razi devoted a well-known treatise ;'** the 
interpretation of dreams, which has also been 
dealt with by philosophers and Sufis, one of the 


most famous treatises on the subject being by the 
I2th/i8th century Sufi ‘Abd al-Ghaniy al-Nabu- 
lusi; theurgy; all forms of magic, often making use 
of a combination of other occult sciences, especially 
jafr, as well as incantations; and even the inter- 
pretation of the twitching of various parts of the 
body (ikhtildj). The latter practice, along with 
certain other popular practices, reveals late 
Turkish, Mongolian and Chinese inAuences with- 
in the Islamic world. 

The occult sciences possess a vocabulary 
and language of their own and are impossible to 
interpret unless that language is mastered. They 
are all repositories of cosmological principles and 
have been interpreted over the ages in many ways 
and over a wide range as symbolic sciences by the 
sages as well as superstitions by those who have 
been unaware of their principles. In any case, 
their mastery, like that of alchemy, has been pos- 
sible only on condition of realizing the principles 





Plate 115. Instruments used for geomancy. 


46. Y. Mourad, La physiognomie arabe et le Kitdb al-firdsah 
dePakhr al-Din al-Rdzi, Paris, 1939. 
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of which they are so many contingent applications. 
Without the knowledge of these principles they 
have become reduced to the superstitions which 
most modem scholars take them to be. But in 
Islamic civilization, because of the presence of a 
living esotericism, they never became dangerous 
as channels for the spread of dark and demonic 
forces as they have become today in the Westem 
world, where the knowledge necessary to under- 


stand them is, in general, lacking, and all scientistic 
attacks against them as superstition do not have 
the least power of stopping the ever-increasing 
interest shown in them. Only the sun can dispel 
darkness and tum a crystal made opaque in murky 
waters into a shining star. Anything else which 
claims to be the sun, without, however, possessing 
its inherent luminosity, cannot but add its own 
shadow to the spreading darkness. 
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Chapter X 

Agriculture and Irrigation 


It need hardly be mentioned that agricul- 
ture has formed the economic foundation of the 
sedentary regions of the Islamic world which have 
always been in conAict with, and at the same time 
in complementary relationship to, nomadic life. 
Agriculture has also provided the material back- 
bone for the Islamic city which has been the site 
for the cultivation of the arts and sciences. Agricul- 
ture has not only been sanctioned by Islamid Law 
but encouraged as a direct religious activity. Fild- 
hah or zir^ah, as agriculture is called in Arabic, was 
recommended by the Sharfah and practised by 
many eminent saints and religious scholars, going 
back to ‘Ali ibn Abi Talib who was known for his 
intense interest and activity in planting trees. 
Likewise, many prophetic traditions have recom- 
mended agriculture to the extent that, according 
to one hadith, it is a blessed act to plant a tree even 
if it be one day before the end of the world. The 
Muslims found in their own religious teachings 
the conhrmation of earlier religions concerning 
the importance of agriculture for human life, 
earlier religions from Zoroastrianism where agri- 


cultural activity was an organic part of religious 
life to Hermeticism where the dictum that agri- 
culture is the ‘great alchemy’ {al-kimiyd’ al-uzmd) 
is attributed to Hermes himselL The Muslims 
were heirs, in fact, not only to the older religious 
teachings concerning agriculture but also to the 
experience of millennia as found in all the earlier 
civilizations of Westem Asia and the Mediter- 
ranean world, including Egypt, Babylonia, Persia, 
Byzantium, Rome and even the Yemen. 

Irrigation 

The climatic conditions of the Islamic 
world have made the problem of water of central 
concern for agriculture in a manner that is hardly 
conceivable for the European farmer for whom 
water has always been practically as plentihil as 
air. In the heartland of the classical Islamic world, 
from Sindh to Morocco, water has always been 
very scarce, except in certain limited regions such 
as Southem Arabia and the Sudan which are ex- 
posed to the monsoon and Mazandaran and Gilan 
in Northern Persia which have a semi-tropical 
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climate.^ In other places every conceivable means 
has been used to make maximum use of available 
\vater, and human ingenuity has applied itself 
to the question of irrigation in such a way as to 
make this science or art one of the most developed 
in the whole of Islamic civilization. It is enough to 
mention in this connection that the Arabic word 
for geometry is handasah which is derived almost 
certainly from the Pahlavi handdzah, a word 
denoting both computation and measurement of 
water canals, or simply irrigation. 

In each part of the Islamic world the Mus- 
lims inherited the existing techniques of irrigation, 
some of which they preserved and others of which 
they modihed and improved. Elsewhere, they ex- 
panded existing techniques or combined the ex- 
perience in irrigation of different civilizations. In 
Egypt Muslims inherited several millennia of ex- 
perience which they not only have kept intact until 
the present day but also improved upon as far as 
techniques of measuring the rise of the water of 
the Nile and similar problems are concerned. As 
early as the time of al-Ma’mun, a nilometer was 
built along the Nile. It was rebuilt by al-Mutawak- 
kil and restored over the ages. It continues to 
function to this day and is a reminder of the interest 
of Muslim engineers and scientists in Egypt over 
the centuries to deal with irrigation in the particu- 
lar conditions of Egypt, which are not typical at all 
but present a special situation in the Islamic world. 

In most other regions of the ddr aTisldm 
major river systems such as the Nile do not exist, 
and the problem has always been most of all to 
build reservoirs to preserve water rather than 
simply to measure the rise and fall of the level of a 
river. Dams were one way to create reservoirs in 
the path of smaller rivers. Most such dams were 
made of gravel and sand, yet with such strength 
that some of them have survived over the ages to 
this day. Others were built from stone and mortar 
often combined with the construction of a man- 
made basin. Some of the oldest of these reservoirs 
are to be seen in North Africa, such as the one near 
Qayrawan in Tunisia, which still survives. Like- 

I. The central role of water and its vital connection with all 
life is emphasized in the Quranic verse, ‘Have not those 
who disbelieve known that the heavens and the earth 
were of one piece, then We parted them, and We made 
every living thing of water?’ (XXI; 30). Also in the 
Persian language the vital role of water in human life is 
reAected in two key terms. A desert devoid of human 
settlement is called biydbdn (literally a place without 
(bi) water (db), while a human settlement is called dbddi 


wise, the reservoir which provides water for Mar- 
rakesh represents a line example of the construc- 
tion of the traditional reservoir as it has existed 
everywhere in that region throughout Islamic 
history. 

The use of reservoirs relies, of course, upon 
aqueducts which bring the water to the cities and 
villages for both agricultural and domestic use. 
Aqueducts were constructed throughout the 
Islamic world in connection with reservoirs, as 
well as with rivers and mountain springs. The 
oldest of these aqueducts is that of Mecca which 
was begun by Mu‘awiyah and which provided 
water for the holy city. In other regions the ex- 
perience and techniques of Sassanid Persians, 
ancient Egyptians, Romans and Byzantines were 
employed and a vast network of aqueducts created 
in such regions as Andalusia and Persia which sur- 
vive to a great extent to this day and which repre- 
sent some of the most important feats of irrigation 
to be seen any where in the world. 

Another problem with which Muslims, 
like their predecessors, were concerned with was, 
naturally, the question of raising existing water 
resources so as to make them accessible for either 
agricultural or domestic use. Here again they 
benehted from all the technological experience of 
their predecessors. In the former Byzantine pro- 
vince of Syria they mastered the use of the Noria 
wheel, which, in fact, continues to be used today 
in such cities as Hama. In the former territories of 
the Sassanids they learned the use of what has 
come to be known generally as the Persian wheel 
to draw water from wells. They perfected the use 
of this wheel and later took it to India where, 
under the Moguls, it became almost as popular as 
in Persia itself. Numerous other devices have also 
been used to elevate water, making use of human 
and animal sources of energy as well as the energy 
of running water itself and also the wind. 

The technique of digging wells was also 
mastered rapidly, making use again of millennia of 
experience in such areas as Persia where, without 
wells, life in many regions would be impossible. 

(literally a place where there is water). The sufBx dbdd 
which is found as a part of the name of cities from 
Allahabad and Hyderabad in India to thousands of vil- 
lages, towns and cities in Afghanistan and Persia is 
related to the same word, and reAects the crucial role of 
water for all human settlements, and also its scarcity in 
Persia. Strangely enough, when Persian culture spread 
to India the same term continued to be used although 
water was plentiful in the sub-continent. 
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Platen6. Thc Nilomctcr m Riiwadii IslanJ at hustat, near Cairn. 

Plate 117. One i,if the olticst stircicing miin-madc rescrt oirs in thc Islamic «orld. 






Plate 1 18. A reservoir near the city of Marrakesh. 


Pigure 89. One of the oldest surviving man-made reservoirs in the Islamic 
world. 



Pigure^o 





Pkte 119. A device to lift water from a well in India. 


0f particular interest in this context is the qandt 
system, which is an ancient Persian invention 
found mostly from Syria to Afghanistan and 
occasionally in other regions, and surviving to this 
day in Persia itself and Afghanistan despite all the 
deep wells and electric pumps which have invaded 
these areas over the past decades. The gandt 
system must be considered without exaggeration 
as one of the masterpieces of both architecture and 
engineering in traditional Islamic Persia.^ 

The word gandt is most likely from the 
Accadian or Assyrian word hanii, meaning reed, a 
word which also entered into Greek and Latin and 
which is most likely the origin of the word canal. 
As for the underground canal system itself, which 
bears this name and which is also called kahnz in 
Persian, it was a fully-developed system in pre- 
Islamic Persia. It was considered sacred and iden- 
tiliedwiththegoddess Anahita. Duringthe Islamic 


Fi|ure 90. A giant noria wheel from Hama, Syria. 

2. On the gandt see the article ‘kandt’ in both the old and 
the new Encyclopaedia of Islam. See also A. Smith, 


period it continued to preserve its religious aspect 
since water plays such a central role in Islamic 
rites. The qandt system has been considered over 
the ages by Persians as having been the dowry of 
Patimah, the daughter of the Holy Prophet. It has 
been revered as a God-given gift and its construc- 
tion has been combined with religious ceremonies. 

Moreover, during the Islamic period, all 
the known methods of mathematical calculation 
and engineering were put at the service of this art 
which brings water from high mountainous 
regions through underground canals to towns lying 
near deserts and deprived of local sources of water. 
To dig these canals, to determine their correct 
direction some fifty feet or more underground, to 
construct the canal with the correa inclination, to 
clean and repair a qandt which sometimes con- 
tinues for miles, and finally to determine where to 
begin the qandt so that the original wells which 
provide the water will not dry easily is no simple 
task. These accomplishments are made possible 
only because of millennia of experience and of 

Blind White Fish in Persia, London, 1953, where the 

types of fish living in the qandts are discussed. 
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Plate 120 



Plates 120,12I and 122. The qandl system - underground water channels 
used in dry areas. 

science, as the unique work devoted to under- 
ground waters by the great mathematician al- 
Karaji to some extent reveals.® 

Anyone travelling over Persia and Af- 
ghanistan cannot but be impressed by the im- 
mense human labour which has made possible the 
digging of hundreds or even thousands of wells at a 
distance of a few yards apart, all connected in- 
wardly by the underground qandt which is usually 
roofed over with brick and carefully constructed 
to make possible the continuous flow of water with 
the minimum amount of obstruction of various 
kinds, including silting and the caving in of the 
roof Some qandts extend over tens of miles, some- 
times traversing forbidding deserts to bring the 
precious substance of life from high mountain 
springs and wells to the lowlands. Sometimes the 
aandts appear overland as streams and disappear 

3. See Karagi (Mohammad al), La cmlisation des eaux 
cachees. Karaji describes in this opus not only the 
application of geometry and algebra to hydrology 
but also the instruments used by master well-diggers 
and qandt builders (muganni). Before him al-Khwaraz- 
mi also made reference to the relation between algebra 
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Plate 123. An opcn irrigation canal joined to a qandi system. 


again underground following the topography of 
the region in question. Altogether they represent a 
lormidable achievement of man in drawing sus- 
tenance from nature in conformity with nature’s 
own laws and with full consideration of the 
climatic peculiarities which have necessitated the 
qandt system to begin with.'’ 

Of course, not all Muslim villages and 
cities have relied principally on gandts. Many have 
been blessed by rivers. In such cases the problem 
ofirrigation became essentially reduced to devis- 
ing an efficient and just method of dividing the 
water so as to irrigate the agricultural lands around 
the towns and also provide for the water within the 
towns themselves. The system of irrigation of the 
cityof Baghdad, which does not survive today but 
which has been described in several mediaeval 
sources, is a splendid example of the way this 

and hydrology although he did not devote a separate 
treatise to the subject. 

4. For example, in the warm sun any open canal loses 
much of its water through evaporadon while the under- 
ground qandt reduces this loss to a minimum. 




